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ABSTRACT

Lieberman et al. (1979) and Thomas et al. (1983) found an
enhancement of learning in a two-choice, delayed-reward, spatial
discrimination task with rats if every choice response was followed
by a salient event. They proposed that the salient event marked the
preceding choice response in memory so that the subject was more

likely to recall it when given reinforcement.

The experiments reported here tested whether a marking effect
could also be found with a visual discrimination using different
subjects - pigeons - and different apparatus - the operant chamber.
Experiments 1 to 8 involved a discrete-trial procedure and a variety
of parameters. Following choice responses with a marker did not
facilitate learning. Two explanations for this outcome are proposed.
One, early experience with the stimuli used as markers might have
reduced their effectiveness. Two, the onset of the discriminative
stimuli on the response key might have attracted the subjects”

attention at a level such that marking provided no additional benefit.

Experiments 9 to 11 involved an invisible-trials, free-operant
procedure. The discriminative stimuli remained available throughout
each session and the onset of a trial was not indicated in any way.
The first response following the start of a trial was designated the
choice response. A clear marking effect was found, and the results
could not be explained in terms of either arousal or generalisation
decrement. This result indicates the generality of the marking

phenomenon, and provides an automated procedure for its investigation.



Gin

Marking shows that an added stimulus during the gap between a
response and reinforcement can sometimes facilitate learning. The
implications of these results for models of information-processing
in animals are discussed. Marking is examined in relationship to
two areas where additional stimuli have interfered with learning —
response overshadowing, and retroactive interference in delayed

matching-to-sample.
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CHAPTER 1

INTRODUCTION

1.1 THE MARKING EFFECT
~ concopt that was first introduced into the animal

learning literature by Lieberman, Mclntosh and Thomas (1979) to
account for their findings in a series of delayed reward experiments.
Lieberman et al. found that rats were able to learn a spatial discri-
mination in a maze if they were handled following their choice response.
In the initial experiment a T-maze was used. Immediately after

N choice and entering one of the side areas/ subjects were
picked up and returned to the choice box or to their home cage. They
remained there for 60 sec. At the end of the 60-sec delay, the
subjects were picked up again and returned to the start box where they
received reinforcement if their choice response had been correct. The

rats showed a very high level of learning despite the delay of

reinforcement.

In order to explain this result Lieberman et al. suggested a
marking hypothesis that drew upon Kamin®s work in the field of
classical conditioning. Kamin (1968, 1969) proposed that for an
increment iIn an associative connection to occur, the unconditional
stimulus (US) had to provoke a subject into a backward scan of its
memory store for recent stimuli. He suggested that this search allows
the subject to identify the conditional stimulus (CS) that has a
predictive or causal relationship to the US, and that this scan is
prompted only by an unexpected, surprising US. The experiments
reported by Kamin (1969) employed a standard blocking paradigm. In

this paradigm a subject is first trained with a CS, A, alone. It is



then trained to respond to a compound of A and a second CS, B, with

the result that on testing, virtually no conditioning is found to have
occurred to B. In one experiment conducted by Kamin (1969) a standard
blocking paradigm was used but with a modification that made it rather
similar to Lieberman et al®s (1979) delayed discrimination task. Each
compound trial was followed with two reinforcements - one immediately
after the CS, the other 5 sec later. This second, unpredicted, US

completely eliminated the blocking effect.

Lieberman et al. argued that a similar analysis could be applied
in instrumental learning situations. They extended Kamin®s analysis
in two ways - First to include not only USs but '"any salient and
unexpected stimulus', and second, to allow the examination of earlier
responses as well as stimuli in the backward memory scan. Thus in the
maze experiment described earlier (Lieberman et al., 1979, Experiment 1),
the experience of being picked up following a choice response was likely
to be a highly salient event for the rat, either because of the stress
involved in being handled or because of the reinforcing qualities that
handling may have acquired. Such a salient event would initiate a
search through the rat®s memory store in an attempt to identify what
was responsible for the animal being picked up. Of the various
responses that could be identified in this search the most likely is
the choice response that had immediately preceded it. The choice
response could therefore be described as having been marked in the
animal®s memory because of the additional attention and rehearsal it

received as a consequence of being handled.

The next stage in the analysis of the maze experiment is to
consider what happens when the animal is rewarded at the end of the

delay following a correct choice. Lieberman et al. (1979) suggest



that, (as in Kamin®s classical conditioning situations), reinforcement
would also cause the rat to initiate a backward scan through its
memory store. They argue that an event which is likely to be identi-
fied in such a search is the marked choice response. This view is
based iIn part upon a generalisation from research on the factors that
influence recall 1in other contexts. In particular they point to
evidence from work on verbal memory in humans and the von Restorff
effect which suggests that items which are particularly distinctive

when presented are more likely to be recalled siobsequently. Baddeley
(1976, p-269) cites an unpublished experiment involving a free recall
task in which the crucial item was printed in a different colour. This
item was recalled significantly better than other items in the list,

(see also Jones and Jones, 1942). Green (1956, 1958) reports experi-

ments in which a numerical item appeared in a list of verbal items and

vice versa. The unexpected, distinctive items were recalled better
than the other items in the list. Green attributed this to the
"surprising” nature of these items. Both Baddeley (1976) and Green

(1956) suggest that the easier recall reflects the additional attention
and greater rehearsal that the surprising event received when presented,
(see also Jenkins and Postman, 1948). Lieberman et al. recognise that
events other than the marked choice response may also be examined

during a memory search initiated by reward. However, they argue, only
the choice response will eventually become associated with reinforcement
because its correlation with reinforcement is better than that of

other events.

In summary then, Lieberman et al. (1979) propose that handling
facilitates delayed reward learning through a marking effect. The
salient event of being picked up causes the animal to scan its memory

for causal responses. The choice response which immediately precedes



being picked up is identified and thereby marked in the animal®s
memory . Later, when reward is given, another backward search is
triggered and the marked choice response is identified as the causal

factor.

A number of alternative accounts of the result could be offered
and these are examined in Lieberman et al. (1979) and in a subsequent
paper by Thomas, Lieberman, Mclntosh and Ronaldson (1983) . One
possibility is that the results which were obtained were a consequence
of experimenter bias. The expectations of the experimenter could
have influenced the way in which subjects were handled. When learning
was anticipated, subjects may have been handled more gently following
correct choices than incorrect ones and this may have shaped their
behaviour. Lieberman et al. (1979) expressed scepticism about the
validity of this account for several reasons. Attempts were made to
reduce variations in handling with the experimenter always following a
stereotyped procedure for handling subjects. Also in their first
experiment Lieberman et al. found learning in a group where they
expected no learning. Furthermore, an experimenter-bias account of
the results would have to argue that although expectations had no
influence on the outcome of the first experiment, they did in the
second and third experiments that Lieberman et al. report. However,
in order to reduce the possibility that experimenter bias might have
been responsible for their results, Lieberman et al. ran an experiment
using other salient events as markers. This experiment (Lieberman et

*» 1979, Experiment 4) involved a spatial discrimination task in a
maze with a 2-min delay of reward. (A ground plan of the maze used
in Lieberman et al., 1979, Experiments 3 and 4, is given in Figure 1.)
Three markers were used in different groups - handling, a 2-sec light,

and a 2-sec burst of white noise. The duration of both the light and



Figure 1

Ground plan of the maze used in Lieberman et al. (1979,
Experiments 3 and 4) and Thomas et al. (1983).



the white-noise burst were controlled with an electronic timer. All
the groups learned except the control group, and the white-noise and
light groups performed better than the handling-marker group. Given
that the duration and intensity of the marker in the light and white-
noise groups were controlled automatically, there remained only one
potential source of experimenter bias and that was in the timing of
marker presentations. This possibility arose from the fact that the
experimenter was responsible for initiating the marker by pressing a
button. Therefore although the scope for invoking experimenter bias
to explain the learning that occurred is very limited, it cannot be
ruled out altogether. The demonstration of a marking effect with
white noise and light in this experiment also provided support for
Lieberman et al."s (1979) view that any salient event could act as a
marker, and not just handling. All three events seemed capable of

initiating a backward scan through memory.

The marker acting as a secondary reinforcer is another possibility
that Lieberman et al. (1979) examine. In their first experiment
animals were picked up at the end of a delay and placed in the start
box where reward was given if their choice response had been correct.
Handling could thus have acquired secondary reinforcing qualities which
were then present when the animal was picked up immediately following
correct choice responses. However, as the animals were picked up after
incorrect as well as correct choices, an account in terms of handling
acting as a secondary reinforcer cannot explain differential strengthen-

ing of the correct response.

A third alternative to the marking interpretation focuses on the
way in which marking may increase the subject"s level of arousal.

Evidence that increases in arousal level can improve learning In humans



has been provided by work on paired-associate tasks by a number of
researchers (see Berlyne, Borsa, Hamacher and Koenig, 1966; Hamilton,
Hockey and Quinn, 1972; Kleinsmith and Kaplan, 1963, 1964; Walker

and Tarte, 1963). Other studies with animals have also shown that
increases in level of arousal as a result of drug administration
facilitate learning (McGaugh, 1973). Berlyne (1967) reported two
studies that showed an improvement in discrimination learning in animals
if they were aroused by the injection of stimulants (Doty and Doty,
1966; Rensch and Rahmann, 1960), an effect that has also been found by
Pare (1961). Therefore it may be that learning is facilitated in
situations where the animal is more highly aroused and that contiguity
between marking and the choice response is not crucial. Two experi-
ments (Lieberman et al., 1979, Experiment 2; Thomas et al., 1983,
Experiment 2) tested this alternative by running additional groups in
which presentation of the marker was delayed until 30 sec after the
choice response. If the arousal hypothesis is well-founded then
learning in the delayed-marker group would be expected to be at least
as good as, and possibly better than in the iImmediate-marker group.
(Better performance might be anticipated as the delay in marker would
probably result in the subject being more aroused at the time of
reinforcement.) In fact the delayed-marker groups in both experiments
showed significantly slower learning. Contiguity of marker and

response is clearly necessary for the marking effect to occur.

Yet a fourth potential explanation that Lieberman et al. (1979)
identify is based on the work of Muenzinger and his colleagues on the
role of punishment. In a maze experiment with rats Muenzinger and
Wood (1935) discovered that following choice responses with shock
resulted in faster learning than in a control group. In a subsequent

study, Muenzinger and Newcomb (1936) found a similar result when



Jjumping a gap was substituted for shock. Muenzinger and Newcomb (1935)
noted that in both the shock and jump situations subjects paused

before making a choice, possibly because of the unpleasantness of these
two events. They suggested that this extra exposure to the stimuli
may have been responsible for the improvement in learning. (For a

full discussion of Muenzinger®s work see Fowler and Wischner, 1969.)

It could be argued that if being picked up is also an aversive
experience, then the animals in Lieberman et al."s marked groups may
pause longer in front of the discriminative stimuli. The animals
would then have greater exposure to the stimuli before making a choice
response and may learn more rapidly as a result. However, Lieberman

al . recorded choice latencies for the different groups in each
experiment - in no case was there any significant difference between
marked and control groups. The view that greater exposure to the
discriminative stimuli was responsible for the marking effect is there-

fore not supported.

In the experiments reported by Lieberman et al. (1979) the subjects
received two markers on each trial - one immediately following a choice
response, the other at the end of the delay. The use of two markers
suggests a Fifth alternative to the marking hypothesis. In explaining
the basis for delayed-reward learning, a number of researchers have
suggested an account based on memorial reinstatement (Cronin, 1980;
Lett, 1979; Roberts, 1976; Spear 1973, 1978). Lett (1979) reported
a series of T-maze experiments with rats. On making a choice response
in these experiments, the rat enters a black or white chamber and
information on the brightness of the chamber and on the response just
peformed is stored in memory according to Lett. Later, when the rat

is returned to the startbox at the end of the delay, memories of the



chamber and of the choice response may be retrieved. If the animal is
then fed in the startbox then the retrieved memories and the presence

of reinforcement are represented at the same time and may become
associated. Thus by a process of memorial reinstatement through
retrieval cues the animal is able to learn the discrimination. A
similar analysis is offered by Cronin (1980) to account for her findings
with pigeons using a simultaneous visual discrimination task with

delayed reward.

As well as evidence from animal work for the validity of a
memorial reinstatement or retrieval cue hypothesis, there are also the
results of human learning studies. Studies of memory for words have
shown the role that retrieval can play in improving recall. One such
study was conducted by Tulving and Osier (1968) who proposed an
encoding specificity hypothesis to account for their results. They
paired words with weak associates during training and found that
presentation of the associate, the retrieval cue, at a later stage

helped word recall.

Applying the memorial reinstatement and encoding specificity
hypotheses to Lieberman et al."s (1979) experiments suggests an alter-
native to marking. Rather than the first marker strengthening the
memory of the preceding response it simply becomes associated with it.
Then at the end of the delay period, when the marker is given for the
second time its effect is to bring back into memory the first marker
and, by association, the choice response. IT food is given on that

trial it also becomes associated with the response.

The retrieval cue analysis outlined above is clearly dependent
upon a second marker and Thomas et al. (1983, Experiment 1) set out to

test whether the second marker was indeed necessary. In the event
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both one-marker and two-marker groups learned equally well. Though it
may be surprising that the second marker produced no additional learn-

ing, the essential result is that only one marker was required.

One final feature of the marking phenomenon which Thomas et al.
identify can be discussed here. This concerns the question of whether
or not markers facilitate memory for subsequent as well as preceding
events. To test this possibility a maze experiment (Thomas et al .,
1983, Experiment 2) was run in which one group received a 2-sec burst
of noise immediately after the choice response and another group was
marked immediately before making a choice. Both groups learned

equally well.

One question that was posed by this result concerns how the marked-
before group managed to learn the discrimination. If the marker
initiated a backward scan through memory in this group, then behaviour
that was irrelevant to solving the problem would be identified. In
otder to account for the learning in the marked-before group, Thomas
et al. (1983, Experiment 2) drew upon work on the effect of arousal on
attention (Easterbrook, 1959; Telegdy and Cohen, 1971). The impact
of the marker in the marked-before group may have been to focus the
animal"s attention on the black and white stimuli in the two arms of
the maze. These stimuli would then be more likely to be recalled when

reward is given at the end of the delay.

A challenge to the backward scan account of learning in the marked-
after group arose from the results of this experiment. As Thomas et
al. point out, an attention analysis could be applied to the results
for marked-after subjects as well as those marked before choices. The

effect of the marker may not be to initiate a memory search but rather



11

to alert the rat to the most obvious aspects of its environment. In
the marked-after group, the subject will just have entered the side
arm of the maze when it receives the marker, the effects of which may

be to focus its attention on the black or white colour of the arm.

To test this attention explanation of learning in the marked-after
group, Thomas et al. (1983, Experiment 3) ran an experiment in which
there were no differential cues available in the side arms of the maze.

Instead of one side arm being painted black and the other white, both

were painted grey. The black and white stimuli were only available
on the doors to the side arms. (Additional cues, such as the orien-
tation of the maze within the room, were also controlled for.) If

the attention account of learning was correct then animals should not
have been able to learn the discrimination. The focusing of attention
would not help the animal in any way to perform the task successfully.
On the other hand, the marking hypothesis would still predict learning
as a backward scan through memory should still identify the choice

response. The results of the experiment supported the marking hypothesis.

The combined results of the two experiments just discussed led
Thomas et al. (1983) to the conclusion that a salient event prompts
two processes. The first of these is a backward scan through the
memory store to identify causal or predictive cues. The second is a
focusing of attention on external events. (It is perhaps interesting
to note that in the experiment involving marked-before and marked-after
groups, learning in the marked-after group - which could benefit from

both processes - was not better than in the marked-before group.)

Several alternatives to the marking hypothesis have been discussed -
experimenter bias, secondary reinforcement, arousal, stimulus exposure,

and retrieval cues. None 1is supported by the experimental work that
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LIGbsirinan et al. (1979) and Thomas et al, (1983) report. An attention
hypothesis has also been formulated which extends, but does not replace,
the marking account of how a salient event promotes learning. It
seems clear, (st least in the situations which have been discussed),
that following a choice response with a salient event can facilitate
learning by initiating a backward scan of memory to identify predictive

cues.

The marking hypothesis has a number of potential implications
and these are discussed by Lieberman et al. (1979) and Thomas et al.
(1983). At one level the hypothesis offers waysof interpreting a
range of other phenomena. Lieberman and his colleagues suggest that
marking mir it help explain one, why response-contingent shock can
sometimes assist learning (Muenzinger, 1934; Muenzinger and Wood,
1935) ; two, the phenomenon of "quasi-reinforcement" (Neuringer and
Chung, 1967); three, feedback stimuli and secondary reinforcement
(Skinner, 1938); and four, discriminated avoidance (D"Amato,

Fazzaro and Etkin, 1968).

At a theoretical level, Lieberman et al. (1979) propose that
marking may represent a fourth function to be added to the three
functions traditionally assigned to a stimulus, those of eliciting,

discriminating, and reinforcing.

A second implication of these results is that Lett"s (1973,
1974, 1975) application of the principle of situational relevance to
her findings of delayed-reward learning is not appropriate. The
theory of situational relevance (Revusky, 1971) may well be correct
hut it does not account for the experimental results reported by

Lett. (See Lieberman et al., 1979.)
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1.2 RESEARCH FRAMEWORK

The starting point for the experimental work reported here was the
desire to establish a new paradigm for the study of marking. This
paradigm was then to be used to investigate a number of questions

concerning the marking effect.

The initial aim was to develop an automated procedure for studying
marking in pigeons using an operant chamber and a visual discrimination
task. It was hoped thereby to provide strong evidence for the
generality of the effect that Lieberman et al. (1979), and subsequently
Thomas et al. (1983), had reported. The experiments they conducted
explored some of the parameters of the phenomenon. Three different
delays of reward were used - 30 sec, 1 min and 2 min - and two maze
designs were employed. A range of markers had also been successfully
tried - handling, light and white noise. Nonetheless, all the work
conducted by Lieberman et al. and Thomas et al. involved rats, was

done in mazes, and used spatial discrimination tasks.

In my experiments | wanted to test further the robustness and
generality of the effect by using a different species (pigeons), a
different type of apparatus (an operant chamber) , and a different Kkind

of discrimination task (visual).

In designing the experiments consideration was given to the
similiarities and differences between the maze experiments described
(Lieberman et al., 1979; Thomas et al., 1983) and the operant
chamber apparatus used in these experiments. One significant
difference between the two situations is that in the maze the choice
response can only be made once. Obviously other behaviour in the
maze will subsequently occur but it is fairly different from the initial

choice. In contrast, a pigeon iIn dn operant chamber can continue to
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peck at the key after its choice response and, in effect, repeat
behaviour that is identical to its initial response. There would
therefore be the possibility in a spatial discrimination task in an
operant chamber that pigeons could learn through adventitious reinforce-
ment of responses which happened towards the end of the delay. All
that would be required for this to occur would be a slight inertial
tendency in the response patterns of the subjects. (By an inertial
tendency is meant a tendency for the bird to repeat its most recent
response.) Thus on trials where the subject was responding late in
the delay, an inertial tendency would lead to chance pairings of
responses to the correct stimulus with reinforcement, and responses

to the incorrect stimulus with non-reinforcement. This process would

lead subjects to develop a preference for the correct simulus.

Some evidence to support the view that subjects may show an
inertial tendency is provided by Lea and Morgan (1972, p-131). Using
rats in a two-lever chamber, they showed that subjects 'chose a lever
and then stayed with it for some time before shifting". This tendency
to repeat the most recent response occurred despite experimental

conditions that reinforced shifting between levers.

One answer to theproblem of learning through adventitious reinforce-
ment would be to remove the discriminative stimuli from the response
keys before the end of the trial. (This account assumes that the
correct and incorrect stimuli are projected onto different keys - the
precise apparatus used in my work is described later.) However, in a
spatial task if the bird continued to peck the darkened key then it
would still be able to learn, (despite the removal of the stimuli),
through pairings of responses to the correct key with food. Therefore

spatial discrimination tasksmight not be sensitive enough to uncover
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a marking effect. Both control and marked groups may benefit so much
from adventitious reinforcement that ceiling effects would mask the

contribution of the marker.

In a visual discrimination task it is easier to avoid the potential
problem of adventitious learning. Clearly if the discriminative
stimuli are present on the response keys until the end of the delay,
then an inertial response tendency could still produce learning.
However, their removal during the delay makes direct adventitious
reinforcement impossible - an advantage that is not available when
using a spatial task. Therefore the use of a visual discrimination
problem in the experiments reported here not only brought the theoretical
benefit of allowing the generality of the marking effect to be tested,
it also had the significant practical advantage of making it easier to
avoid the ceiling effects and loss of sensitivity that it was feared

might hamper spatial discrimination work in an operant chamber.

A second major reason for attempting to develop the paradigm
described earlier was the desire to have an automated procedure for
studying marking. This was seen as having a number of advantages.
First, it eliminated all possibility of experimenter bias in running
experiments. The use of light and white-noise markers in Lieberman
et al. (1979) and the mechanical control of their intensity and
duration reduced enormously any room for the expression of bias.
However, since the experimenter was responsible for pressing the button
that operated the marker, there remained the admittedly limited
possibility that slight differences in the timing of markers following
choice responses could still provide differential information to the
animals. Markers automatically initiated by the subject®s choice

response would remove any chance of bias in the administration of the
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inirsir and also substantially irsducO the handling of subjects by the

experimenter.

Automation would also bring the benefit of making the experiments
less time-consuming for the experimenter as they would require a
shorter period to run and would not need the constant attention that
work with mazes demands. An automatic procedure would make it easier
to increase the number of subjects and the number of trials involved in
an experiment. Thus success iIn achieving an automatic procedure
would bring a number of practical gains, would allow the elimination
of any possibility of experimenter bias, and would help show the

generality of the marking effect.

Two additional features of all the experiments reported in this
thesis can also be mentioned here. First, the way in which the
standard operant chamber was modified for this work and second, the

use of only one marker on each trial.

On the front panel of the chamber was a row of three response keys.
It was decided that to display the two discriminative stimuli on the
two side keys might make the task too easy for the purposes of this
research. IT the discrimination was one that could be learned very
rapidly, then performance in the control group might be so good as to
obscure any effect of the marker in the marked group. Accordingly,
the side keys were never used in this series of experiments and were
always dark. The centre key was modified by splitting it vertically
down the centre. Responses to each side of the key were recorded
separately, and the discriminative stimuli were independently projected
onto each half. Thus in the red-green visual discrimination task

used, one half could be lit red, the other green and vice versa. It
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was hoped that this modification would produce a task that was neither
so easy that the control group learned without any difficulty, nor so

hard that no group solved the problem.

The other design feature that remained consistent throughout the
research was the use of a single marker following immediately after a
choice response. No additional marker was presented at the end of
the delay interval as was the case in some of the experiments
performed by Lieberman and his colleagues. Evidence of the redun-
dancy of the second marker, (from the point of view of obtaining a
marking effect), was provided by Thomas et al., (1983, Experiment 1)
in an experiment that showed no difference in learning between a
one-marker and a two-marker group. As the inclusion of a second
marker allows the possibility of a non-marking interpretation, (see
earlier discussion of the retrieval-cue hypothesis), It was dispensed

with.
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CHAPTER 2

DISCRETE-TRIAL 1 EXPERIMENTS

2.1 EXPERIMENT 1

Experiment 1 had two major objectives. The first was to establish
in general terms whether the paradigm that had been selected would be
appropriate for studying marking. The results of a pilot study had
been encouraging, suggesting that the kind of delayed-reward visual
Hiscrimination task used in this experiment would not, for instance,

be so difficult that no subjects could learn it.

The second objective was to show not only that the paradigm was
appropriate, but actually demonstrate a marking effect. This would

then provide a basis for work on the nature of marking.

A red-green visual discrimination task was used with a 15-sec

delay of reward. The procedure, which is illustrated in Figure 2,
was as follows. The discriminative stimuli were presented on the centre
key and the Tfirst response initiated the trial. Two groups of birds

were used and in both groups the choice response was followed by the
offset of the non-chosen side of the key. The chosen side remained
lit for 3 sec. The intention of this part of the procedure was to
ensure some compatibility with the maze experiments discussed earlier,
(Lieberman et al., 1979; Thomas et al., 1983). In these, after
exposure to the discriminative stimuli at the choice point, the rat
entered one of the side arms of the maze. Here it was exposed, (in
some experiments for a second or two, in one for 30 sec), to the black
or white stimuli associated with the arm of the maze that it had chosen.
The rat then passed into a grey delay box for the remainder of the

delay. (A ground plan of the maze was given in Figure 1.)
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In the present experiment, after 3 sec had elapsed the colour on
the chosen side of the pigeon®s response key was removed in order to
avoid the problem of adventitious reinforcement. Such reinforcement
could have occurred had the subject continued to peck during the
delay and if its response behaviour was subject to an inertial tendency.
Chance pairings of pecks to the correct colour with food could have

produced learning.

To prevent extinction of responding the entire key was illuminated
with white light during the remaining 12 sec of the delay. Subjects
were expected to continue pecking to the white key and thereby receive
occasional pairings of a response with food reinforcement. Had the
key been darkened during the delay then there was a danger that the

birds®" responding might have extinguished.

In the marked group only, the choice response was followed
immediately by the offset of the houselight for 2 sec regardless of

whether it was a correct or incorrect choice.

Method
Subjects
The subjects were eight adult Rock pigeons which were experimentally
naive at the start of the experiment. They were housed individually
in a different room from the experimental and control apparatus, and
were maintained at 80% of their free-feeding weight throughout the
experiment. Water and grit were continuously availcible in the home

cages.
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Apparatus

A Lehigh Valley Electronics operant chamber for testing pigeons
was used. It measured 35 cm x 30 cm (Floor dimensions) x 36 cm (wall
height). The chamber contained a front panel with a row of three
response keys (spaced 8.5 cm apart, centre to centre, and 26.5 cm
above the floor). The centre key had a diameter of 3 cm, and the two
side keys diameters of 2.5 cm. In this, (and subsequent), experiments
only the centre key was used. The centre key had been modified by
splitting it in half vertically down its centre. Responses to each
half of the key were recorded independently. A multistimulus projector
mounted behind the centre key was used to illuminate the key. Each
half of the key could be illuminated independently with red, green, or
white light. A red half-key emitted 170 yW of light, the green 110 yWw

and the white 110 yW.

In the centre of the front panel was a 6 x 5 cm food magazine
whose lower edge was located 9.5 cm above floor level. The food
magazine was illuminated when it made available wheat grain. The
houselight was also mounted in the centre of the front panel 3 cm below
the ceiling. The light, which was projected upwards, was provided by
a 2.8-W bulb. It was continuously illuminated during each session
except during the operation of the food magazine in the magazine

training, autoshaping and pretraining stages of the experiment.

The chamber was placed in a sound- and light-attentuating shell
with a ventilating fan behind, and to the left of, the front panel.
Additional background noise was provided by white-noise from a speaker
located behind the left-hand side of the front panel and 16 cm above

floor level.
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Most of the events of a day"s session were controlled using
Grason-Stadler electromechanical relay equipment located in a control
room adjacent to the experimental room. During the training stage, a
tape-reader was used to ensure that each subject experienced green on
the left-hand side of the key and red on the right-hand side of the
key, and vice versa equally often. The order of presentation of the

stimulus pairs was randomised.

Procedure
Mazagine training and autoshaping. The birds received a 2-day
magazine training sequence. On the first day the bird was placed in

the operant chamber where the food magazine had been raised and piled

high with grain. The only light available initially was that from
the magazine light. After the bird had eaten for about 15 sec, the
magazine was lowered. Thereafter magazine deliveries were progres-

sively shortened until the bird was eating during a 3-sec magazine
presentation. During this process the intervals between presentations
of the magazine were progressively lengthened until they were between
10- and 15-sec long. The first session was ended when birds reached

a criterion of nine approaches to the magazine out of ten consecutive
presentations. On the second day of magazine training the bird was
given 3-sec food presentations on a variable-time (T) 60-sec

schedule for 60 min. (On a variable-time schedule the length of

the interval between times when reinforcement is presented varies

around the mean value specified by the schedule, in this case 60 sec.)

On each of the next two days the birds were trained to peck the
key using an autoshaping procedure. The entire response key was lit
for 4-sec periods on a VT 60-sec schedule and each key illumination

was Tollowed immediately by 3 sec access to food. Fifty percent of
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the key illuminations were green and the remainder red. The order of
green and red illuminations was random. Each autoshaping session

lasted for 30 min.

Pretraining. The purposes of the pretraining stage were to develop a

good rate of responding and to identify any colour preference that

each bird might have. Fourteen daily sessions of pretraining were
given to each bird. For the first ten sessions the birds received
30 trials a day. A trial consisted of the illumination of the entire

response key either red or green for 60 sec with food reinforcement
available on a VI 60-sec schedule.” Green and red trials were given
equally often with their order randomised. Intertrial intervals
lasted 60 sec during which the key was dark and no food reinforcement
was available. Most of the birds developed a very strong preference
for the right-hand side of the key, a preference which could have

interfered substantially with training in the visual discrimination.

The pretraining procedure was therefore modified for the final
four daily sessions. The VI schedule was replaced with concurrent
variable-ratio (W) schedules on each side of the key. On a variable-
ratio schedule the number of responses required before reinforcement
is made available varies around the average value that the schedule
specifies. For instance, on a VR 20 schedule, every 20th response
on average 1is reinforced. The word 'concurrent'" indicates that more
than one response is available to the subject and that separate
schedules are in effect for each response. In this experiment two
types of response were available - pecks to the left-hand side of the
key, and pecks to the right-hand side.) The VR schedules in
pretraining were manipulated in a successful attempt to modify the
very strong side preferences and produce a response pattern more

On a VI, or variable-interval, reinforcement availability varies
around the mean value specified by the schedule.
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evenly distributed across both sides. The right-hand preference may
have developed because both the white-noise speaker and the fan provid-
ing ventilation were located on the left of the chamber. Both noises
may have been aversive to the pigeons causing them to tend to the right.
An alternative possibility is suggested by Werner and Wapner®s (1952)
sensory-tonic field theory of perception, which proposes that ™"any
"percept” is determined by an interaction between sensory activity

(i.e. occurring in the sense organs) and tonic activity (i.e. proprio-
ceptive feedback from muscles)'" (Thomas, 1969, p.3). Evidence that
this theory is applicable to pigeons as well as humans was reported by
Thomas (1969). The impact of the auditory stimulation provided by the
white noise and fan might have been to increase muscular tension on

one side of the pigeon®s body. The result of this might have been a
chainge in the orientation of the bird away from the noises and towards
the right-hand side of the key. To avoid the difficulties of aversive-
ness or sensory-tonic, the white-noise speaker and fan were switched
off. The speaker was turned off after the first day of VR pretraining
and the fan after the second day. Both remained off throughout the

remainder of the experiment.

Delayed reward training. The subjects were divided into two groups of
four birds each. The groups were matched for level of colour pre-
ference and response rate. The matching was done on the basis of

the birds" performance on the last session of pretraining. The TFirst
group was called the marked group and the second the control group.

If the bird has shown a colour preference on the last day of pre-
training it was rewarded for choice responses to its non-preferred

side. Birds that had shown no preference were rewarded in a way

which ensured that, as far as possible, equal numbers of birds in

each group were rewarded for red and for green.
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Both groups received 24 daily sessions of delayed reward train-

ing on a red-green visual discrimination. Each session contained

30 trials and each trial began with the illumination of the response
key, half red, half green. On 50 percent of the trials green was on
the left-hand side of the key with red on the right-hand side, and
vice versa on the remaining trials. The Tirst peck to either side
of the key on a trial was designated the choice response. This

response initiated the trial and was followed immediately by the off-

set of the colour on the non-chosen side of the key. In the marked

group only, the choice response was also followed by the offset of
the houselight for two seconds. Three seconds after the choice
response both sides of the key were illuminated with white light and
remained so for a further 12 sec until the end of the trial. If the
initial, choice, response had been to the correct colour, the subject
then received 3 sec access to food. The end of the trial was followed

by an interval of 10 sec, (during which the response key was dark),

before the discriminative stimuli were presented again.

Results
Figure 3 shows the percentage of correct choice responses averaged
over blocks of four sessions for the marked and control groups. Both

groups show a substantial improvement in performance over the course

of delayed reward training.

The data shown in Figure 3 were subjected to a two-way analysis of
variance for groups and blocks of four sessions. There was a
significant change in percentage correct over blocks, F(5,30) = 13.6,

p < .01. The groups did not differ in the percentages of correct



Figure 3

Mean percentage of correct choice responses over blocks of
four sessions for each group in Experiment 1.
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choices, P’(Q, 6) — 0.0i, p > ,05, nor was the Blochs X Group inter*

action significant, F(, 30) = 0.85, p > .05.

Discussion

One aim of Experiment 1 was to establish whether a delayed-reward
visual discrimination task with pigeons using a split response—key in
an operant chamber might provide a suitable paradigm for investigat-
ing marking. The improvement in performance was substantial and the
rate of learning was sufficiently slow to suggest that the design was
sensitive enough to allow the effects of a successful marker to be
revealed. Therefore in general terms the experiment offers support
for the view that, with modification, this paradigm may well be

suitable.

A second aim of the experiment was to provide a demonstration of
the generality of the marking effect found by Lieberman et al. (1979)
and Thomas et al. (1983) . However, both the marked and control
groups learned the discrimination and there was no difference between

the groups in their rates of learning.

There are several potential explanations for this failure to
obtain a marking effect. One possibility is that the discrimination
task was too easy. Thus the control group was able to learn at a
rate which prevented any benefit that the marked group may have derived

from being revealed.

An alternative, or complementary, explanation focuses on the
marker used in this experiment. In general terms it could be argued

that the salience of a marker is important in determining how effective



it is. The more salient a stimulus is, the greater might be the
likelihood that it initiates a search through memory to identify
possible predictive cues. The stimulus used as a marker in this
experiment, houselight offset for 2 sec, simply may not have been
salient enough. Intuitively this account does not seem very plausible
and, in addition, there is evidence from work with delayed matching-
to-sample tasks that pigeons are sensitive to changes in houselight
illumination (Grant and Roberts, 1976). However, it remains possible
that the failure to obtain a marking effect in Experiment 1 arose

from using an insufficiently salient marker.
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2.2 EXPERIMENT 2

In order to overcome the possible difficulty identified with the
marker in Experiment 1, a second experiment was carried out with the
same subjects. The aim was to see whether a more salient event would
act as a more effective marker. Two groups of subjects were run and
this time choice responses in the marked group were followed by a 2-sec
burst of white noise in addition to houselight offset for 2 sec.
Evidence of the capacity of white noise to act as a marker in other
situations was provided by one of the experiments reported in Lieberman
et al. (1979, Experiment 4). They found that a 2-sec burst of noise
used as a marker in a spatial discrimination task with rats facilitated
learning despite a 2-min delay of reinforcement. It was hoped that
a combination of white noise and houselight offset in the present

experiment would be an effective marker.

Me thod
Subjects and apparatus. The subjects and apparatus used in this

experiment were those used in Experiment 1.

Procedure
Delayed reward training. The subjects remained iIn the same groups
as in Experiment 1. The colour discrimination was reversed - thus

subjects that had been rewarded for green choice responses in Experiment

1 were now rewarded for red choice responses, and vice-versa.

Subjects in the marked group had choice responses followed by a
2-sec burst of white-noise at 85 dB (SPL) and the offset of the house-
light for 2 sec. In all other respects the training procedure in
Experiment 2 was identical to that in the last experiment. Once again

24 daily sessions were given.
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Results
The percentage of correct choice responses averaged over blocks
of four sessions for the marked and control groups are shown in
Figure 4. Both groups show a substantial improvement in performance

over the course of delayed reward training.

A two-way analysis of variance for groups and blocks of four

sessions was performed on the data shown in Figure 4. There was a
significant change in percentage correct over blocks, F(5, 30) = 14.29,
p < .01. The groups did not differ in the percentage of correct

choices, F(l, 6) = 0.20, p > .05, and the Blocks X Group interaction

was not significant, F(5, 30) = 0.80, p > .05.

Discussion

As iIn Experiment 1 both groups learned the discrimination and
there was no demonstration of any marking effect. This failure may
have occurred because attempts to produce a sufficiently salient
marker were unsuccessful. An additional problem may have arisen
from the fact that the subjects used in this experiment had already
learned one visual discrimination, (involving the same colours) , and
were therefore already attending to the relevant dimensions of the

task (Sutherland and Mackintosh, 1971).
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Figure 4

Mean percentage of correct choice responses over blocks of
four sessions for each group in Experiment 2.
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2.3 EXPERIMENT 3

For both groups in each of the experiments reported above, the
initial choice response was followed immediately by the offset of the
non-chosen colour on the other side of the response key. Therefore
during the first three seconds of each trial the subject was exposed
to one half of the key being blank, and the other half illuminated
with the colour to which its choice response had been made. It may
have been that this change in the state of the key was acting as a
salient marker and hence producing equal learning in both groups.
The intended markers - the offset of the houselight and the burst of
white noise - may therefore have been redundant because a memory search
would already have been initiated by the change in the state of the
key . Therefore in Experiment 3 this source of non-differential mark-
ing was eliminated. In both the marked and control groups the first
response on each trial no longer turned off the non-chosen side of the
response key. Instead, both the red and green halves of the key

remained illuminated.

A second potential source of non-differential marking in Experi-
ments 1 and 2 occurred when the entire response key was illuminated
with white light 3 sec after the initial choice response. (The key
then remained white for 12 sec until the end of the delay.) If the
birds continued to peck after their choice response and their responses
were subject to an inertial tendency, then this change in key illumi-
nation may possibly provide a further marker. An inertial tendency
would ensure that responses immediately preceding the change to white
illumination tended to be the same as the initial choice response,
thereby allowing adventitious marking in both groups. In order to

reduce this risk of non-differential marking, the change was postponed
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Procedure
Magazine training and autoshaping. As in Experiment 1 the birds
received a 2-day magazine training sequence. The procedure on the

first day was exactly the same as in Experiment 1, but on the second
day free food was available on a VT 60-sec schedule for only 15 min.
Each bird then received a single session of autoshaping lasting 30 min

with the CS-US pairings presented on a VT 30-sec schedule.

Pretraining. Each pretraining session lasted about 30 min. During
a session the bird received 44 trials lasting 30 sec each and the
interval between trials was 10 sec. A trial consisted of one half of
the key being lit with a colour, either green or red. Each of the
four possible combinations of side and colour was presented 11 times
and the order of presentation was randomly determined. During each

trial reinforcement was available on a VI 30-sec schedule.

Four of the six subjects received a single session of pretraining;
the remaining two required a further session before their responding

was sufficiently well established to proceed to the training phase.

Delayed reward training. The subjects were divided into two groups of
three birds each. The groups were matched for level of colour pre-
ference and response rate on the basis of performance in the final
session of pretraining. During training subjects were rewarded for
making choice responses to the colour they had preferred least in
pretraining. If the bird had shown no colour preference, it was
rewarded in a way that matched as far as possible the number of birds
in each group that were rewarded for a particular colour. One group

was called the marked group and the other, the control group.



37

Both groups received 32 daily sessions on the same red-green
visual discrimination problem as in Experiments 1 and 2, The pro-
cedure was the same as in Experiment 1 except for the following changes.
The number of trials in each session was increased from 30 to 50.
The initial, choice, peck to the response key no longer turned off the
illumination on the non-chosen side of the key. Instead, both sides
of the key remained illuminated for a further 5 sec before changing
to white for the final 10 sec of the trial. In the marked group only,
the choice response was followed by a burst of white noise and house-

light offset, both for 2 sec.

Results
The percentages of correct choice responses averaged over blocks
of four sessions are shown in Figure 6. The marked group showed no
improvement in performance over the course of the experiment, whereas

the control group did improve somewhat.

The individual session data, (from which the blocked data shown
in Figure 6 were derived), were subjected to a two-way analysis of
variance for groups and sessions. There was no significant difference
between the groups in overall correct responding, F(l, 4 = 0.48,
p > .05, and no significant change in percentage correct over sessions,
F(31, 124) = 0.93, p > .05. However, the interaction between experi-
mental treatment and session was significant, F(31, 124) = 1.73, p < .05.
Although the blocked data shown in Figure 6 suggest that this inter-
action may arise from a generally higher level of performance by the
control group towards the end of the experiment, a simple main effects

analysis of sessions reveals that control group performance is



Figure 6

Mean percentage of correct choice responses over blocks of
four sessions for each group in Experiment 3.
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significantly higher only on Session 23, F(I, 4 = 10.25, p < .05,

and Session 32, F(l, 49 = 31.94, p < .01.

Discussion

In Experiments 1 and 2 choice responses in both marked and control
groups were Tfollowed by an event that may have acted as a non-
differential source of marking. In Experiment 3 this potential
problem was removed. The aim of the experiment was to test the
hypothesis that following choice responses with a salient event in the
marked group would promote better learning than in the control group.
The results of the experiment do not support this hypothesis - iIn so
far as a limited amount of learning did occur, it was found in the
control rather than the marked group. This outcome poses a number of

questions.

One issue raised is why the marked group failed to learn despite
extensive training. It had been expected that a combination of a
burst of white noise and the offset of houselight would represent a
sufficiently powerful event to facilitate learning. One possible
account of why this marker was not effective is suggested by considera-
tion of general factors which might affect how well a marker operates.
Salience has already been discussed as a factor, novelty could well be
another. In his analysis of the classical conditioning situation
Kamin (1969) pointed to the importance of a stimulus being surprising
for it to initiate a memory search. Novelty may clearly affect how
surprising a stimulus is and therefore the effectiveness of a marker
may be determined in part by how novel it is. In the magazine train-
ing stage of this experiment, operation of the food magazine was

paired with houselight offset. This experience could have influenced
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the operation of the houselight-offset element of the marker during
delayed reward training. Birds may, for instance, have habituated
to this stimulus especially as its duration during magazine training

was similar to its length as a marker, (3 - as opposed to 2-sec).

This hypothesis - that both the salience and the novelty of a
stimulus may be important in determining how likely it is to initiate
a backward scan - could also account for the failure of the markers
in Experiments 1 and 2 to produce additional learning. The subjects
for these experiments had received about 100 food presentations and
associated houselight offsets during magazine training. Also, in
magazine training, autoshaping and most of pretraining white noise was
used to mask background sounds. Habituation could therefore have
occurred to both houselight off and white noise. Since iIn Experiment
1 the first of these stimuli was used as a marker, (and in Experiment
2 both were), habituation could have been responsible for the failure

to obtain additional learning in the marked group.

Another account of the failure to get the expected level of
marked learning in all the experiments reported so far also makes
reference to the birds®" experience during magazine training. Pairings
of the offset of the houselight with food reinforcement at that stage
may have endowed houselight offset with secondary reinforcing proper-
ties. If this had happened then it may have had a detrimental effect
on the performance of the marked group during delayed reward training
as the marker followed both correct and incorrect choices. (It should
be noted that it could also be argued that if the marker had acquired
secondary reinforcing properties, then its value as a marker should
have been enhanced because the subjects would be more likely to attend

to it and search for its cause.) However, if the houselight-offset



41

marker had become a secondary reinforcer then one would expect a higher
response rate in the marked groups (Mackintosh, 1974, p.233). A
comparison of the two groups in Experiment 1 showed that in fact the
opposite was true as the control group with a mean of 694 responses

per session responded at a higher rate than the marked group with a
mean of 536. The difference between the groups was not significant,
t(6) =0.84, p > .40. This evidence, then, does not provide support

for the secondary reinforcer hypothesis.

It is possible therefore to identify three ways in which the
marker may have been responsible for the failure to obtain learning
in the marked group of Experiment 3. The marker may not have been
sufficiently salient; habituation may have occurred to one of its
elements; or, one element might possibly have become a secondary
reinforcer. All of these possibilities are also relevant in analysing

the failure to obtain marking in Experiments 1 and 2.

A second question that is posed by Experiment 3 is why the control
group did somewhat better than the marked group. It may have been
that the marker acted as a distractor, drawing the subjects”™ attention
from the discriminative stimuli. However, this interpretation
receives little support from Lieberman et al. (1979, Experiment 4%
where a marking effect was found both with a 2-sec white-noise burst
and with the switching on of a light for 2 sec. Another explanation
is suggested by considering how the control group may have learned.

One account availcible is that adventitious marking occurred at the
point in the delay when the key lights changed from red and green to
white. This account rests on the assumption of some inertial tendency
in the birds® pattern of responding. It may have been that the effect

of the marker following choices was to disrupt inertial tendency in
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the marked group and thus remove that basis for learning. A third
possible explanation for the marked group®"s poor performance relative
to the control is offered by Wagner®"s rehearsal model which was
mentioned in Chapter 1 (Wagner, 1976, 1978; Wagner et al.,

1973) . However, the results of this experiment do not seem conclusive
with regard to any of the potential explanations mentioned above.

One problem with them all is that they fail to explain why the same
markers in Experiments 1 and 2 did not similarly retard marked group
learning relative to the control group. It would be useful to have

an additional demonstration of the learning that was found in the

control group of this experiment.

So far, two questions that were posed by the results of Experiment
3 have been discussed - why the marked group failed to learn and why
the control group did better than the marked group. A third issue
that is raised by the outcome of this experiment is why performance
was so much worse than in the earlier experiments. Whereas in
previous experiments the percentage of correct choice responses had
risen by 40-50% in both groups, in this experiment only the control
group improved and that by less than 20%. The possibility was raised
earlier that the substantial level of learning found in Experiments 1
and 2 could be attributed to the offset of the non-chosen side of the
key immediately after the choice response for all subjects. The
evidence of the present experiment suggests that this may indeed have
been acting as a marker and that its removal in Experiment 3 might

explain the failure to achieve the same gain in performance.

An alternative, non-marking, account of the impact of switching
off the non-chosen side of the response key is available. When the

non-chosen side is darkened, the side that the bird made its choice



response to remains illuminated for a further 3 sec. Evidence from
a number of studies supports the view that the duration of stimulus
exposure may be a factor that influences performance in discrimination
tasks. Many investigations of matching-to-sample in pigeons have
shown that matching accuracy is influenced by the duration of exposure
to the sample stimulus (Carter and Werner, 1978; Grant, 1976; Maki
and Leith, 1973; Maki and Leuin, 1973; Roberts and Grant, 1974).
Therefore offset of the non-chosen side of the key may help learning
not through marking, but through some kind of perceptual focusing as
a result of additional exposure to the chosen colour. A final
possibility is that both marking and perceptual focusing played a

part in promoting learning.



2.4 EXPERIMENT 4

The results of the first three experiments pointed strongly to
the importance for learning of the non-chosen side of the key being
darkened after a choice response. Two interpretations of the role
of this event were proposed, one of which was a marking account whilst
the other relied upon non-marking processes. The marking version
suggested that the change in key illumination acted as a salient event
that initiated a memory search. The non-marking interpretation
stressed the way in which additional exposure to the chosen colour

could allow a beneficial focusing of the bird"s attention.

The main aim of this experiment was to test these two alternatives.
Three groups of pigeons were trained on the same red-green visual
discrimination as in the previous experiments. The design of the
experiment is illustrated in Figure 7. In the first, control group
the choice response did not change the state of the key - both the
red and green sides remained illuminated for a further 3 sec. In the
second group - the half-key-marker-group - the choice response was
immediately followed by the offset of the non-chosen colour. The
chosen colour remained illuminated for a further 3 sec. The third
group - called the whole-key-marker group - was one in which the
choice response darkened both sides of the key for 3 sec. In all

groups the key was illuminated white for the final 12 sec of the delay.

If the marking hypothesis was correct then the whole-key-marker
group might be expected to show the most learning on the grounds that,
intuitively, a complete darkening of the response key should act as a
more salient event than its partial darkening. On the other hand,
if the perceptual focusing through stimulus exposure account is
accurate then the half-key-marker group should perform better than

the whole-key-marker group.
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The control group was included for two reasons. The first was
that if both marked groups learned then one would want to be able to
attribute their learning to a change in the state of the key. The
second was to allow a partial replication of the control group in
Experiment 3. The conditions in the two groups were not identical,
(the change to a white key occurred at 5 sec in one, and 3 sec in the
other), but were sufficiently similar to provide a test of the learning

found in the last experiment®s control group.

The inclusion of the half-key—-marker group also provided a

replication of the control group in Experiments 1 and 2.

Method

Subjects

The subjects were 21 adult Rock pigeons which were experimentally
naive at the outset of the experiment. They were housed individually
in a different room from the experimental and control apparatus, and
were maintained at 80% of their free-feeding weight throughout the
experiment. Water and grit were continuously available in the home
cages. The subjects were run in two squads - the second squad of

12 birds was run after the first had finished their training.

Apparatus

For the first squad of birds the apparatus was the same as in
Experiment 3 except that the ventilating fan was not used. In running
the second squad of subjects an additional operant chamber was used.
This chamber was identical to the first. It was controlled by BRS
Digibit solid state equipment housed in the same room as the other

control apparatus.
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Procedure

Magazine training and autoshaping. Magazine training took two days.
As in previous experiments, magazine training on the first day was
controlled manually rather than automatically. On the second day,
free food was made available on a VT 30-sec schedule for 20 min.

Each bird then received a single session of autoshaping lasting 30 min
with CS-US pairings presented on a VT 30-sec schedule. Four subjects

required two autoshaping sessions.

During the magazine training stage presentation of food was no
longer paired with offset of the houselight. Although houselight
offset was not used as a marker iIn this experiment, there is evidence
that changes in ambient illumination (the houselight) can be func-
tionally equivalent to changes in illumination from a specific source
(response key) in delayed matching-to-sample tasks (Grant and Roberts,
1976) . Although Grant and Roberts were exploring an interference
effect in a situation different from the visual discrimination used
here, it is possible that a similar equivalence might still be found.
As key illumination changes were to be used as markers in this experi-
ment it was decided to avoid any potential problems by giving subjects

no experience of houselight offset at this stage.

Pretraining. A single session of pretraining lasting about 30 min
was given to each bird. The session contained 50 trials, each lasting
for 30 sec, with an intertrial interval of 5 sec. During each trial

both sides of the key were illuminated by the same colour and food
reinforcement (3-sec access to wheat grain) was available on a VI 30-sec
schedule. Red trials and green trials were presented equally often

but in a random order.
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Delayed reward training. All birds received 20 daily sessions of
delayed reward training. Each session consisted of 50 trials and
the interval between the end of one trial and the next presentation
of the discriminative stimuli was 10 sec. Each trial lasted 15 sec
from the time of the subject"s first, or choice, peck to these

stimuli.

Three groups of seven birds each were used. The groups were
matched for level of colour preference, level of side preference, and
response rate on the basis of the birds" performance in pretraining.
In the second squad of birds, equal numbers of subjects from each
group were run in each operant chamber. Where the bird had shown a
colour preference in pretraining it was nowreinforced for responding
to the non-preferred colour. Birds that had not shown any preference
were reinforced in a way that matched as far as possible the number of

subjects in each group that were rewarded for each colour.

In the whole-key-marker group, the choice response darkened both
sides of the response key for 3 sec. In the half-key-marker group,
the choice response turned off only the non-chosen side of the key for
3 sec, and for the control group the choice response simply initiated
the trial with the key remaining red and green for 3 sec. In all
groups the key was lit entirely white for the final 12 sec of the
delay, and correct choice responses resulted in 3-sec access to wheat

grain at the end of the delay.

Results
The percentage of correct choice responses averaged over blocks

of two sessions for all three groups are shown in Figure 8. It can



Figure 8

Mean percentage of correct choice responses over blocks of
two sessions for each group in Experiment 4.
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be seen that there is an improvement in performance for all groups
over the course of delayed reward training. The level of improve-
ment is clearly greatest for the half-key-marker group which increases
from 45% correct initially to 85% correct on the final block. In
contrast, both the whole-key-marker and control groups only improved

from around 40% to 60% correct.

A two-way analysis of variance for the factors of experimental
treatment and blocks of sessions was performed on the data shown in
Figure 8. It confirmed that there was a significant change in
percentage correct over blocks, F(9, 162) = 6.28, p < .01. The groups
did not differ in their percentages of correct choices, F(2, 18) = 1.36,
p > .05, and the Blocks X Group interaction was not significant,

F(18, 162) = 1.16, p > .05.

In order to examine changes in performance over blocks a trend
analysis was carried out. This showed that the linear, F(I, 18) =
14.79, p < .01, ciibic, F(l, 18) = 13.81, p < .01, and quartic, F{l, 18)
= 6.27, p < .05, trends were all significant. However, it is clear
from Figure 8 that the overwhelming trend was linear and indeed the

linear component of the trend accounted for 78% of the variation.

The linear trend of the half-key-marker group appears to be
substantially greater than that of the whole-key-marker and control
groups, although the difference does not quite reach significance,

F(2, 18) = 2.93, p = .079.
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Discussion

The main purpose of this experiment was to evaluate the marking
and perceptual focusing accounts of the results of Experiments 1 to
3. These experiments had suggested a crucial role in learning for
the effect of the offset of the non-chosen side of the key following
a choice response. The outcome of Experiment 4 supports the percep-
tual focusing through stimulus exposure interpretation - had the
marking account been correct then learning in the whole-key-marker
group should have been superior to the half-key-marker group. In the
event the whole-key-marker group was not only worse than the half-key-
marker group, but also no better than the control group which

experienced no stimulus change following choice responses.

A secondary aim of Experiment 4 was to attempt to replicate some
of the earlier results of certain groups. In particular the half-
key-marker group in this experiment was identical in design to the
control group of Experiment 1. The results for the two groups were
very similar - in the first experiment the control group improved
from 40% correct to 85% correct over the course of training and a
similar increase occurred in Experiment 4"s half-key-marker group, up

from 45% to 85%.

Another replication of interest was that of the control group in
Experiment 3. The control group in the present experiment was
slightly different in design, (the key changed to white after 3 as
opposed to 5 sec), but the results were very close. In both groups
performance at the end of training was about 20% higher than at the
beginning. The success of both these replications is useful in

providing confidence in the reality of the effects involved.
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2.5 GENERAL SUMMARY AND DISCUSSION

The series of experiments reported so far was aimed at
demonstrating the generality of the marking phenomenon and thereby
finding a paradigm which would allow an exploration of the effect.
The task employed in all the work described above was a red-green

visual discrimination with a 15-sec delay of reward.

In the first two experiments a high level of learning was found
but no marking effect was revealed - the performance in the marked
and control groups was the same. This failure could have been
because the task was too easy or the events used as markers - the
offset of houselight and a burst of white noise - were not salient

enough.

An alternative explanation was suggested in the third experiment.
A potentially powerful source of non-differential marking was
eliminated in that the choice response no longer darkened the non-
chosen side of the key. Maximal differential marking was attempted
by following choices in the marked group with both a burst of white
noise and the offset of the houselight. The results were disappoint-
ing - not only was there no learning in the marked group, but its
performance was somewhat worse than the control group®s. Three
accounts could be offered of why the marked group did not learn in the
way that the marking hypothesis suggests it should have done. The
marker may not have been salient enough, it may not have been
sufficiently novel, and it could have acquired secondary reinforcing
properties. (Incidentally, the difficulty that both groups had with
learning the discrimination does not support the possibility raised
by Experiments 1 and 2 that the task was simply too easy for marking

to produce additional learning.)
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The most striking aspect of the outcome of Experiment 3 was that
learning was so much worse than in the first two experiments - a
result that pointed strongly to the role of the offset of the non-
chosen colour in promoting learning. One hypothesis about how this
event may have influenced solution of the problem pointed to its
potential as a marker. The other interpretation rested on a non-
marking view that identified perceptual focusing arising from differen-

tial stimulus exposure as the learning mechanism.

These two accounts were tested in Experiment 4, the outcome of
which was strongly in support of perceptual focusing. The group
which experienced the greatest change in response key illumination
after a choice performed no better than the control group and less

well than the half-key-marker group.

The work reported so far leads to several conclusions. The Tirst
of these is that the major factor assisting learning in the experi-
ments above was perceptual focusing, not marking. Events which one
might have expected to function as markers on the basis of previous
research (Lieberman et al., 1979; Thomas et al., 1983) did not do so
here. A confounding factor in the Tfirst three experiments was the
early experience that subjects had with stimuli which were subsequently
used as markers or elements of markers. This experience may have
affected the ability of these events to function as markers through
habituation. (A second possibility - that the events acquired
secondary reinforcing properties - can probably be dismissed given the
failure to find a significant difference between the response rates of
the groups in Experiment 3.) If it is the case that the early
experience of the birds affected the properties of the markers, then
the failure to get a marking effect rests upon relatively trivial

factors.



The fundamental question that is raised is whether the absence
of marking in these experiments is a result of technical difficulties
of the kind described above, or whether it reflects a more profound
limit to the generality of marking. Would an adjustment to the
parameters of the task or the removal of confounding early experience
eliminate the difficulty in getting marking, or does the problem
rest with the species, kind of discrimination, or experimental

situation being used?
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CHAPTER 3

DISCRETE-TRIAL 11 EXPERIMENTS

3.1 EXPERIMENT 5

The learning that was found in Experiments 1 to 4 could not be
attributed to marking. In some cases it was a result of perceptual
focusing through differential stimulus exposure. In others it was
either the same in both marked and control groups or superior in the
control group and therefore attributable to some non-marking process.
The aim of this experiment was to pursue an answer to the question of
whether this failure to obtain a marking effect was due to the wrong
choice of parameters or whether it reflected a more fundamental

limitation on the phenomenon®s generality.

Two changes were made to the design which it was hoped would
allow a marking effect to be demonstrated. The first of these was
a reduction in the delay of reward from 15 sec to 6 sec. The
reason for this shortening of the delay was to make the task easier.
The improvement in performance in earlier experiments, (except where
perceptual focusing was possible), had been fairly limited with

increases of only 20 percentage points over the course of training.

The second design change was the introduction of a different form
of marker. In earlier work the markers used had been bursts of white
noise and houselight offset, both for 2 sec, and the darkening of the
6ér>tire response key for 3 sec. Although a 2-sec white-noise burst
had been used successfully by Lieberman et al. (1979) in their maze
experiments, it may not have been such an effective marker in the
operant chamber work reported here. This is because in the maze

experiment the rat was not able to repeat its choice response once it
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Method

Subjects

The subjects were 22 adult Rock pigeons which were run in two
squads. The first squad of 12 birds had been used iIn Experiment 4,
and the second squad of 10 birds was experimentally naive. All
subjects were housed individually in a different room from the experi-
mental and control apparatus, and were maintained at 80% of their
pre-feeding weight throughout the experiment. Water and grit were

continuously available in the home cages.

Apparatus
The apparatus was the same as that used to run the second squad

of subjects in Experiment 4.

Procedure

Magazine training, autoshaping and pretraining. No magazine training,
autoshaping or pretraining was necessary for the subjects that had
participated in Experiment 4. For the experimentally naive birds

the same procedures were followed as in Experiment 4.

Delayed reward training. The subjects were divided into two groups
of 11 birds each. The birds in the first squad, (those which had
participated in Experiment 4) , were run in the same operant chamber
as before. If in the last experiment they had been rewarded for
choosing green, they now received reinforcement for red choices and
vice versa. Allocation of these subjects to the current experimental
groups was done in such a way as to match the groups for experimental
background, for level of correct responding on the last session of

Experiment 4, and for original levels of colour preference.

The naive birds which made up the second squad were allocated to
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the two groups using the same procedure as in Experiment 4.

The procedure during delayed reward training, which is illustrated
in Figure 9, was as follows. Trials began with the illumination of
the response key with the discriminative stimuli. In the marked
group, the choice response resulted in the immediate offset of the
keylight and houselight, both for 0.5 sec. The key was then
reilluminated with the red and green stimuli for a further 2.5 sec
before changing to white illumination for the final 3 sec of the
delay. If the choice response had been correct, the subject then

received 3-sec access to wheat grain reinforcement.

In the control group, the choice response simply initiated the
trial. There was no change in houselight illumination and the key
remained red and green for a further 3 sec. As in the marked group,
the key was illuminated entirely white for the final 3 sec of the

delay and food reinforcement was then delivered if appropriate.

Birds in both groups received 20 daily sessions of delayed reward
training. Each session consisted of 50 trials and the interval
between the end of one trial and the next presentation of the red and
green discriminative stimuli was 10 sec. Each trial lasted 6 sec
from the time of the subject"s Tfirst, or choice peck to either of

these stimuli.

Figure 10 shows the percentage of correct choice responses for
each of the first two sessions and averaged over blocks of two
sessions thereafter for both groups. There was an improvement in

performance for both groups over the course of delayed reward training



Figure 9

The design of Experiment 5.
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Figure 10

Mean percentage of correct choice responses over the first
two sessions and subsequent blocks of two sessions for each
group in Experiment 5.
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with the marked group showing a greater increase iIn correct choices

and reaching a higher asymptote.

Because the two squads of subjects that were used iIn this experi-
ment differed in their background - one was naive, the other had been
run in Experiment 4 - it was felt necessary to check that their
performance did not differ significantly. Accordingly an analysis
of variance was performed on the data in blocks of two sessions using
three factors - squad, experimental treatment and blocks. It was
confirmed that the two squads did not differ, F(l, 18 = 0.98, p > .05;
that there was no interaction between squad and group, F(l, 18) = 0.09,
p > .05; that the Squad x Block interaction was insignificant,

F(9, 162) = 0.23, p > .05; and finally that the Squad x Group x Block

interaction was also insignificant, F(9, 162) = 0.08, p > .05.

The improvement in performance during the experiment that the
graph suggests is confirmed by the analysis of variance which revealed
a significant change in percentage correct over blocks, F(9, 162) =
4.32, p < .01. The improvement in correct responding, (measured by
subtracting the average figures for the first block from those of the
last block), was five percentage points greater in the marked than in
the control group and its performance was consistently better.

However, analysis of variance showed no significant difference between
groups in overall correct responding, F(l, 18 = 1.41, p > .05, and
and no significant Block x Group interaction, F(9, 162) = 0,21,

p > .05.
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Discussion

The aim of this experiment was to see whether a reduction in the
delay of reward and the use of a new marker would produce a marking
effect. In many ways the result was encouraging with the marked
group performing consistently, though not significantly, better than
the control group. Three interpretations of the outcome of the
experiments are available. First, that the effect is real but that
the parameters of the design were not optimal. Second, that
marking did take place but various other elements of the experimental
situation militated against the emergence of a significant diffe-
rence between the groups. The third interpretation is that the
difference between the groups can be attributed to chance. Each of

these interpretations will be evaluated in turn.

The first view, that with more suitable parameters an effect would
be obtained, has some plausibility. A shortening of the delay of
reward and the introduction of a shorter, "flash-type'" marker produced
a more substantially superior performance by the marked group than in
previous experiments. However, it seems unlikely that the Tfailure
to obtain a significant effect can be attributed to the level of
difficulty of the discrimination. The task was not too difficult -
learning was found - nor was it so easy that learning was possible

at a rate that would obscure any marking effect.

The second interpretation of this experiment suggests that
elements of the design counteracted a marking effect. These elements
could have either weakened the performance of the marked group, or
promoted learning in the control group, the net effect being to
obscure marking. Each element, and the mechanisms through which it

may have affected learning, is discussed below.



63

Adventitious marking

Two potential explanations of the failure to obtain significantly
better performance in the marked group are suggested by a considera-
tion of the role played by the change in keylight illumination from
red and green to white after 3 sec of the delay. One possibility,
(examined in the introduction to Experiment 3), is that this change
acted as a non-differential, adventitious marker for both groups.
This hypothesis rests on three assumptions - that the birds continued
to peck following choice responses; that they did so with an inertial
tendency; and that if two responses were marked during the delay
irterval, then the second one was most likely to be identified as a
result of the backward memory scan initiated by reinforcement. If
these assumptions are correct, then the effect of the unintended,
adventitious marker produced by the change in key illumination would
have been to reduce learning in the marked group below the level it
would otherwise have reached. This is because the response that was

adventitiously was, (unless the intertial tendency was complete) ,

sometimes different from the choice response. Thus, marked subjects
did not receive consistent marking of the choice response. On the
other hand, subjects in the control group benefited from adventitious
marking. Whereas they would otherwise have received no marking, they
now had responses which were the same as their choice responses
occasionally marked. Therefore the net effect of the change in key
illumination from red and green to white would have been to narrow
the difference between the groups by lowering performance in the marked

otoup and enhancing that of the control group .

Interference hypothesis
The second account of the operation of the change in illumination

midway through the delay focuses on the way in which this change may
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have undermined facilitation produced by the marker in the marked
group. This account is suggested by the work of Grant and Roberts
(1976) and Wagner (1976, 1978). Grant and Roberts carried out a
number of studies of the impact on matching of stimuli interpolated
between the sample and comparison stimuli in a delayed matching-to-
sample task. They Tound that such stimuli produced retroactive
interference and reduced matching performance. The change from red
and green stimuli to white or the addition of the white illumination
itself may have acted in a similar way in this experiment. 1t may
have displaced from the birds® short-term memory the visual informa-
tion about the first response that is required for the solution of the

problem (Wagner, 1976, 1978).

However, the difficulty with an account of this kind is that it
does not differentiate between the groups, both of which experienced
the change iIn key illumination. Therefore, although this inter-
ference interpretation may help explain why performance did not
generally improve by a greater amount, it does not provide an explana-

tion of the absence of a significant difference between groups.

One factor that might have undermined a marking effect in this
experiment was the use of houselight offset as a marker element.
The effect of this event might have been to draw the subject"s atten-
tion away from the response key and cause it to look around. One
way in which distraction of this kind might have damaged marking is
suggested by the interference hypothesis discussed above. Attention
to other stimuli in the chamber could have disrupted processing of
the choice response and thereby reduced the benefits of marking.
Some evidence against this possible interpretation is provided by

Lieberman et al."s (1979) successful use of white-noise bursts and
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light flashes as markers, events which might also be seen as poten-

tially interfering distractors.

Distractor hypothesis

There is also a second way iIn which a distractor effect of
houselight offset might have undermined marking in this experiment.
One feature of learning in this situation may be the continued
availability of the discriminative stimuli after the choice responses.
This might have helped in two ways, Ffirst, through the consolidation
of stimulus processing, and second, through repeated responses to the
chosen stimulus as a result of an intertial tendency in pecking. It
houselight offset distracted marked subjects” attention away from the
stimuli, then it would reduce the benefits of continued exposure to
the stimuli. Such benefits would, however, be available to control
subjects. Evidence to support the view that learning may be facili-
tated by the continued availability of the stimuli is provided by
Hudson in an experiment reported by Tolman (1948, p-.200). Hudson
examined one-trial avoidance learning iIn rats in a situation where
electric shock was associated with a visual pattern. A strong
avoidance response to the pattern was found except when the pattern
was removed immediately following the shock, suggesting that continued

exposure to it assisted learning.

Evidence against the view that the continued availability of the
stimuli enhances learning is provided by two experiments. The first
is Thomas et al."s (1983) final experiment where they ensured that no
discriminative cues were available at the time of marker presentation

~ choice response. Although their experiment did not involve
a comparison of performance with and without the continued presence

of cues, it could be argued that their result implies that it should
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not matter” if the subject"s attention is taken away from the stimuli,
(or if the stimuli are removed immediately after a choice response)
Nonetheless it could still be argued that there are potentially
important differences between the maze and operant chamber situations
which allow a distractor effect in the latter case but not the former.
instance, the subjects iIn maze experiments were not able to repeat
their initial choice response in the way that subjects in the operant
chamber could. However, the proposition that a distractor effect
benefited the control group may be difficult to sustain in the face
of evidence from Experiment 4. Two of the groups from that experiment
are of particular interest — the control and whole—-key-marker groups.
In the control group, choice response simply initiated the trial and
the red-green stimuli remained on the key for a further 3 sec, whereas
choices by marked subjects darkened both sides of the key for the
same period. Learning was the same in both groups which suggests
that continued exposure to the discriminative stimuli does not help
control subjects and therefore that a distractor effect, if it exists,
should not harm marked subjects. This conclusion is further
strengthened by direct evidence from the current experiment. if
there was a distractor effect of sufficient strength to damage marked
otoup learning then one might expect to find a lower response rate in
that group during the first 3 sec of the delay (before the key
illumination changed to white). Although the marked group®s response
rate averaged over training sessions was indeed lower - 372 responses
per session as opposed to 450 for the control group - the difference
was not significant, t(20) = 0.57, p > .50. Even on the first session
when any distractor effect should have been at its strongest given the
novelty of houselight offset at that stage, the difference between the

rates for the marked and control groups, 257 and 431 responses per
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session respectively, was not significant, t(20) = 1.37, p > .20.
Evidence, therefore, that the continued availability of the discrimi-
native cues after a choice response might facilitate learning or
that marked subjects failed to receive this benefit because they were

distracted by the houselight offset is weak.

Summary and conclusions

So far two interpretations of the outcome of this experiment have
been reviewed. Both of them assume that the difference between
marked and control groups reflected a real effect. One interpreta-
tion was that the selection of parameters was not ideal, the other
that the presence of certain elements in the design militated
against a marking effect. The argument that with a more optimal
choice of parameters a significant effect would emerge has some
plausibility. However, the identification in this discussion of
design elements that could have conferred disadvantages on the marked
group and advantages on the control group suggests that more weight
should be given to the second interpretation. One possibility which
has been discussed is that the change in key illumination during the
delay interfered with performance in the way suggested by Grant and
Roberts (1976) and Wagner (1976, 1978) for other experimental situa-
tions. This interference interpretation can explain why learning was
not better in both groups but does not differentiate between them.
However, a second account of the role of key-illumination change is
more useful. If the change acted as an adventitious marker, then
learning in the marked group would be reduced below the level it
would otherwise reach and control group learning would be enhanced.
Hence, a narrowing of the difference between the groups would occur.

* third way in which the extent of a marking effect could be undermined
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was suggested by a consideration of the impact of the houselight-offset
element of the marker. This might have caused marked subjects to

look around the chamber and attend to other stimuli, thereby inter-
fering with processing of the choice response and damaging learning.

A final possibility was also suggested by the offset of houselight.

IT the continued availability of the discriminative stimuli following
choice responses Tfacilitated learning, then another conseguence of a
distracting houselight offset would be to undermine learning in the

marked group. However, this possibility received limited support.

The third interpretation of the result of Experiment 5 was that
the superior performance of the marked group did not reflect a real,
marking effect but could simply be ascribed to chance. This is
clearly a possibility, but given the chance that the parameters of the
experiment were not ideal and, more importantly, that several factors
have been identified which might have militated against a marking
effect being revealed, it seems premature to conclude at this stage

that the effect was not real.
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3.2 EXPERIMENT 6
The outcome of the last experiment was the most encouraging so
fat in this series of experiments with the marked group performing

consistently, though not significantly, better than the control group.

The purpose of this experiment was to continue to look for mark-
ing using a modified procedure, (which is shown in Figure 11), that
took into account some of the potential difficulties raised by
Experiment 5. The change in that experiment to a brief "flash"™ of
a marker appeared to have been beneficial and it was therefore
decided to use a very brief, 0.5 sec, marker in this experiment as

well.

One factor that should be important in determining the effec-
tiveness of a marker 1is its novelty. With the present design birds
clearly had substantial experience of a darkened response key both
during pretraining and in the intertrial intervals of the training
stage. The darkening of the keylight immediately following a choice
response in these experiments was therefore less novel than would be
a change to an entirely new colour. Accordingly in this experiment,

the key was illuminated with amber following a choice response rather

than darkened.

A second change in design for this experiment was the discontinua-
tion of houselight offset as an element of the marker. As the
discussion of the last experiment indicated, this event might possibly
function as a distractor which reduced the effectiveness of the marker

and hindered rather thaui helped attempts at marking.

In order to test the hypothesis that the change in key illumina-

tion from red cind green to white might have undermined a marking
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effect, another revision was made to the general design. In the
current experiment the red and green lights remained until the end of
the delay. The advantages of this amendment were several - one, it
AiiNiMted a possible adventitious marker; two, it reduced any
interference with visual processing and/or memory because of the
additional processing required by the white illumination; and three,
it provided an aid to learning by maintaining the same cues at the
beginning and end of the delay. (The third advantage is suggested
by Spear®s (1973, 1978) reinstatement theory which was discussed in
the first chapter of the thesis.) A disadvantage anticipated with
this change was that it increased the chances of adventitious learning.
If subjects continued to peck the response key and did so with an
inertial tendency, then chance pairings of responses to the correct
colour with food could occur. A particular concern was that there
would be an opportunity for the control group to improve at a rate
that would obscure any marking effect. However, since the beginning
this research programme, experiments conducted involving a spatial
discrimination had not encountered major problems with control subjects
(Fuller, 1981; Lieberman, personal communication, 1981). Adventi-
tious learning had seemed an even greater possibility in spatial
situations because pairings of responses to the correct side of key

with food could take place despite the removal of the stimuli.

The continuation of the red and green key-lights until the end
of the delay was therefore seen as a change that would, on balance,
make the discrimination task easier for both groups. It was hoped
that it would provide a more sensitive design which was less susceptible

to a low ceiling effect and more likely to reveal marking.

ITf the marking phenomenon is a general one then the use of
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entirely novel change to an amber keylight immediately following
choice responses should produce better learning in the marked than in

the control group.

Method
Subjects
The subjects were 12 adult Rock pigeons which were experimentally
naive at the start of the experiment. They were housed and main-

tained under the same conditions as in earlier experiments.

Apparatus

The apparatus was the same as in Experiment 5.

Procedure
Magazine training, autoshaping and pretraining. The same procedure

was used as in Experiment 4.

Delayed reward training. The birds were divided into two groups of
siXx subjects each. The groups were matched for level of colour
preference, level of side preference, and response rate on the basis
of the birds®" performance in the pretraining session. The running
order for subjects and their allocation to each of the two operant
chambers were balanced across groups. The colour to be rewarded was

determined in the same way as in Experiment 4.

A trial began with the illumination of the response key with the
discriminative stimuli. The subject"s Tfirst peck represented its
choice response. Subjects in the marked group were presented with
a change in keylight illumination from red and green to amber for 0.5

sec immediately following a choice response. No other markers
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occurred. After 0.5 sec of amber, the key was reilluminated with red
and green lights which remained available for a further 5.5 sec until
the end of the 6-sec delay. Subjects in the control group simply
initiated the delay interval with their choice response and the red-

green illumination stayed on for the entire 6 sec of the delay.

Subjects in both groups received 3-sec access to wheat grain at
the end of the trial if their choice response had been correct. The
interval between the end of one trial and the next presentation of
the discriminative stimuli was 10 sec. During this interval the key

was darkened. All subjects were given 20 daily sessions of 50 trials.

The percentage of correct choice responses averaged over blocks
of two sessions for both groups is shown in Figure 12. The figure
shows that although both groups improved over the course of the
epxeriment, this improvement was greatest for the control group which
had reached 80% correct by the final block, compared with 60% for the

marked group.

A two-way analysis of variance for experimental treatment and
block was performed and showed that the control group made signifi-
cantly more correct responses than the marked, F(lI, 10) = 5.79, p < .05.
There was also a significant increase in percentage correct during
delayed reward training, F(9, 90) = 10.98, p < .01. Although the
Blocks X Group interaction was not significant, F(9, 90) = 0.54, p >
.05, the control group appeared to improve from a similar starting

point to a substantially higher asymptote than the marked
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Discussion
The intention in this experiment was to modify the relatively
successful design of Experiment 5 in ways which might provide
appropriate conditions for revealing a marking effect. No such effect
was found - rather the level of correct responding was significantly
97®3ter in the control group than in the marked group. A result of
this kind, which not only fails to support the marking hypothesis but

actually runs counter to it, clearly raises several questions.

One issue is why the control group performed so well both in
relation to the marked subjects and in comparison with the control
groups of Experiments 4 and 5. In Experiment 4 the percentage of
correct responses by the control group rose from 42% to 58% over the
course of delayed reward training, and the comparable figures for
Experiment 5 were 47% and 61%. in the current experiment an average
increase for control subjects from 44% to 78% was observed. A new
feature of the design used this time was that the red and green
discriminative stimuli remained on the response key until the end of
the delay rather than being replaced with white stimuli after 3 sec.
One possibility, which was raised in the discussion of Experiment 5,
was that this stimulus change interfered with memory for or processing
of the discriminative cues or choice response. Its removal in the

current experiment may therefore have helped learning.

An additional possibility is that the maintenance of the discri-
minative stimuli until the end of the delay allowed adventitious
reinforcement to occur in a way that was not possible in the earlier
experiments where the stimuli were no longer present at the time of
reinforcement. If the subjects continued to respond and did so with
an inertial tendency, then learning through adventitious reinforcement

could occur. Observation of the birds®" behaviour and data collected
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provide clear evidence that at least the first condition is met.

A more difficult issue raised by this experiment concerns the
performance of the marked group. Not only did this group do no
better than the control group, its level of learning was actually
significantly worse. The poorer performance by the marked group is
especially surprising for four reasons. First, marked subjects,
like those in the control group, should have benefited from the
removal of the potentially interfering change in illumination during
the delay. Second, the marked group as well as the control group
should have gained from adventitious learning made possible by the
maintenance of the discriminative stimuli. Third, there was no off-
the-response-key event, such as houselight offset, which could possibly
function as a distractor of the subject®"s attention. Finally, the
marker was an entirely novel stimulus. A further problem is that
this result conflicts with the findings of the last experiment where
the marked subjects did better than the controls although the

difference was not statistically significant.

Why then was the level of learning in the marked group lower?
One account of the role of stimulus change on the response key has
already been proposed in the discussion of the last experiment and
in the consideration above of the control group®s performance.
This interference account suggests that the impact of either stimulus
change or number of stimuli might have been to displace information

from the birds® short-term memories.” Consequently the birds would

The difference between stimulus change and number of stimuli in this
context can be illustrated by considering the keylight sequences
red-green-blue and red-green-red. Both involve two changes but the
first sequence involves one extra colour. The relative importance
of these factors may be different and could, of course, be tested
experimentally by comparing the consequences of various delay interval
sequences,
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not have had the information necessary for the solution of the prob-
lem available at the end of the delay. An account of this kind is
suggested by Wagner®s model of the impact of surprising events on
rehearsal (Wagner, 1976, 1978; Wagner et al., 1973). In the
discussion of Experiment 5 this account was invoked in an exploration
of the roles of the change in key illumination and of houselight
offset as a marker element. Given the results of the current experi-—
it may be useful to extend the analysis to include the marker

itself as a potentially interfering event.

The merits of the interference account could be evaluated in two
ways. The first is by a comparison of the performance of the marked
groups in Experiments 5 and 5. In the last experiment the marked
group received both more stimulus changes and more stimuli than the
niarked group in this experiment. The former subjects experienced the
response key with red and green, white, and no illumination as well
as houselight offset, whereas the later subjects were exposed to amber
alone, and to red and green illumination. The group which was
exposed to most stimulus change - that of Experiment 5 - improved
slightly less and at a slower rate although its asymptotic level was
higher. However, interpretation of this slight difference is made
even more difficult by the fact that the marked group in the current
experiment had the opportunity to benefit from adventitious reinforce-
ment, Thus a comparison of the marked groups does not provide any

clear evidence for or against an interference view.

A second way of evaluating this account is to consider the
positions of the marked and control groups in each of these
experiments. In Experiment 5 the marked group experienced more

potentially interfering events than the control group. In addition
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to stimulus changes received by both groups, such as the switch from
red and greento white key illumination, the marked group also
experienced the houselight offset and keylight offset which made up
the marker. An interference interpretation would therefore predict
that performance should be worst in the marked group. However, in
Experiment 5 the marked group in fact did better than the control
group. In Experiment 6 the opposite result was found - the marked
/ (despite less stimulus change than its counterpart in the last

experiment), showed a significantly lower level of correct responding
than the control group. Thus the outcome of Experiment 5 on its own,

bhe results of the last two experiments when considered together
do not provide support for a coherent interference interpretation of

the impact of stimulus change or number of stimuli on visual memory.

One way of reconciling the different outcomes of this and the
last experiment within an interference hypothesis might be to focus
on the characteristics of the markers used in each case. In
Experiment 5, the marker was a complete darkening of the operant
chamber with both keylights and houselight being switched off. An
event of this kind may be less damaging to the processing of informa-
tion about colour than the amber marker used in this experiment. A
more specific version of the interference account would suggest that
the level of retroactive interference is dependent upon whether or
not the discriminative stimuli and the marker are drawn from the same
class. A direct comparison of these two markers within a single
experiment would be helpful in giving more conclusive evidence about

their relative effects on learning.

Another dimension to the question of why the marked group fared

so badly in this experiment relates to its apparent failure to
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benefit from adventitious learning. The continued presence of the
discriminative stimuli did appear to help the control group, possibly
through an inertial response tendency allowing adventitious reinforce-
ment. The operation of the marker offers two potential explanations
of why subjects in that group did not do at least as well as the
controls. If the interference hypothesis is correct, the disruption
of colour-processing may persist until the end of the delay and
prevent learning about an adventitiously rewarded response to the
correct stimulus. On the other hand, the presentation of the marker
may have produced a 'startle effect" which disrupted any inertial

tendency, thereby removing the basis for adventitious learning.

In summary, the substantial learning produced in the control
group of this experiment may have been a result of adventitious learn-
ing. The cause of the poor performance of the marked group is less
clear - one possibility is interference with colour memory, another

is disruption of inertial responding by the marker.
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3.3 EXPERIMENT 7

The aim of this experiment was to address some of the issues
raised by the last two experiments. One of these was the role that
an inertial tendency in the pecking behaviour of the subjects might
have played in learning. An examination of the birds" response
patterns would be helpful in two ways. First, if an inertial
tendency was found in the control group it would provide support for
the view that the improved performance by that group in the last
experiment might be attributable to adventitious learning. Second,
if such a tendency was found in the control group but not in the
marked group, then this would constitute evidence that one reason for
the poor learning in the marked group was that the marker disrupted
the basis for adventitious reinforcement. One purpose of this
experiment, therefore, was to collect data which would provide infor-
mation about any inertial tendencies in the subjects®™ response

patterns.

Another major consideration in the design of this experiment was
the desirability of replicating Experiment 6. This was seen as
particularly important on two counts - one was that its outcome had
been directly counter to that anticipated on the basis of the marking
hypothesis. The other was that the results conflicted with the
findings of Experiment 5 in which the marked group had done better,
(although not significantly so), than the control group. An
additional benefit of the design was that it allowed a direct compari-

son of the consequences of different markers within a single experiment.

Two marked groups were used. In one, described as the blackout-
marker group, choice responses were followed by the offset of both

the houselight and keylight for 0.5 sec. Subjects in the other group
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- called the amber-marker group - had their choices followed by the
illumination of the key with amber light for 0.5 sec. In both groups
the response key was red and green for the final 5.5 sec of the 6-sec
delay. Thus the markers which had been used in Experiments 5 and 6
were brought together in a single design. The only modification to
the groups used previously was in the case of the blackout-marker
group where in Experiment 5 the keylights had changed from red-green
to white after 3 sec. A control group that experienced no markers

was also run.

Method
Subjects
The subjects were 15 adult Rock pigeons which were experimentally
naive at the start of the experiment. They were housed and maintained

under the same conditions as in earlier experiments.

Apparatus

The apparatus was the same as in Experiment 5.

Procedure
Magazine training, autoshaping and pretraining. The same procedure
was used as In Experiment 4. Some subjects required two sessions of

autoshaping or pretraining.

Delayed reward training. Three groups of five birds each were formed.
Each group was matched with the others for level of colour preference,
level of side preference, and response rate on the basis of the birds”
performance in their last session of pretraining. The allocation of

subjects to each of the operant chambers and their daily running order
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were balanced across groups. The colour to be rewarded was deter-

mined in the same way as in Experiment 4.

A trial began with the illumination of the response key with the
discriminative stimuli. The subject®"s Tfirst peck after the start of
the trial was designated its choice response. For birds in the
blackout-marker group, choice responses were immediately followed by
the offset for 0.5 sec of both the houselight and the keylight.
Subjects in the amber-marker group had choices immediately followed
by amber illumination of the response key for 0.5 sec. In both these
groups, after the marker the key was reilluminated with red and green
i~ which remained on for the final 5.5 sec of the 6-sec delay.
Subjects in the control group simply started the trial with their
choice response and the red and green stimuli were present for the

entire delay interval.

Correct choices were rewarded in all groups by 3-sec access to
wheat grain at the end of the trial. The interval between the end
of one trial and the next presentation of the discriminative stimuli
was 10 sec. During this interval the response key was dark. All

subjects received 20 daily sessions, each containing 50 trials.

Results
The primary data shown in Figure 13 are the percentage of correct
choice responses averaged over blocks of two sessions for each of the
groups. It can be seen that the control group showed considerable
improvement, increasing from approximately 40% correct at the start
to around 75% by the end of training. The performance of the

blackout-marker group was similar though it rose to an asymptote about
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Mean percentage of responses to 'correct" colour during the
final session of pretraining and percentage of correct choice
responses over blocks of two sessions for each group in Experiment 7.
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Ffinal session of pretraining and percentage of correct choice
responses over blocks of two sessions for each group in Experiment 7.
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10 percentage points above that of the control group. The results
for the amber-marker group are difficult to compare with those of the
other two groups as its starting point was higher. Its level of
improvement was less than that of either the blackout-marker or

control group, with a rise of about only 20 percentage points.

A two-way analysis of variance using the factorsof experimental
treatment and blocks was performed and this revealed that there was
indeed a significant increase in percentage correct over the course
of the experiment, F(9, 108) = 8.2, p < .01. No difference in levels
of correct responding between groups was found, F(2, 12) = 0.19, p >
.05, and the Blocks x Group interaction was also insignificant,

F(18, 108) = 0.50, p > .05.

The source of the difference in starting points for the groups,
(which is apparent on the first session of delayed reward training),
is unclear. Figure 13 also shows the percentage of correct responses
to the subsequently - designated, correct colour on the last session
of pretraining for each group. It is clear from the figure that the
groups did not differ substantially in their level of colour preference
prior to the start of delayed reward training and this is confirmed

by analysis of variance, F(2, 12) = 0.11, p > .05.

Discussion
This analysis will look first at the performance of the control
and blackout-marker groups in this experiment. The control group
again showed a very substantial increase in percentage correct,
replicating very closely in both pattern and level of learning the

results found in the same group in Experiment 6. This result.
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which is illustrated in Figure 14, shows that if the discriminative
stimuli remain available until the end of the delay, then for control
subjects at least, learning is enhanced compared with situations where

the stimuli are removed earlier. A strong possibility is that an

inertial tendency in responding could have led to adventitious reinforce-

ment and learning. Unfortunately an error in data collection meant
that the evidence about pecking behaviour which might support this

interpretation did not become available.

The blackout-marker group also did well with a considerable
improvement over the course of training. Maintenance of the discri-
minative stimuli during the delay interval appeared to help the
blackout-marker group in a similar way to the control group. In
Experiment 5 - where the red and green stimuli changed to white after
3 sec - the marked group rose from about 50% correct on the first
training block to around 70% on the final block. In this experiment
the figures were around 40% and 80% respectively. Thus both the
blackout-marker groups and control groups discussed above benefited
by approximately 25 percentage points from the continued presence of

the discriminative stimuli.

Taking the control and blackout-marker groups together suggests
a pattern that is at least consistent with earlier results and is
not directly counter to the marking hypothesis. Figure 13 shows
that in the final stages of the experiment, the performance of the
blackout-marker group was marginally superior to that of the control
group albeit not significantly so. The difference between the groups

matches that found in Experiment 5 with groups of similar design.

The interpretation of the amber-marker group is more difficult.

The pattern of its performance in terms of the level and rate of
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Figure 14

Mean percentage of correct choice responses over blocks of
two sessions for the control groups iIn Experiments 6 and 7.
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learning is very similar to that of the identical group iIn Experiment
6. This can be seen in Figure 15 where the learning curves of amber-
marker groups from Experiments 6 and 7 have been plotted with a

shared starting point. In both experiments the improvement in
percentage points was about 20. However, in the present experiment
the starting point for the amber-marker group was quite different

from that of both the blackout-marker and control groups, and the
comparable group in the last experiment. This difference in starting
points is difficult to account for. As can be seen from Figure 13,
the groups in Experiment 7 were well matched on the basis of their
pretraining performance. The difference may therefore be a result
of either random variation or an immediate marking effect producing
very rapid early learning. The latter seems unlikely primarily
because no such effect was found in the last experiment where, on the
first block of training, the performance of the marked group was
marginally below the control group®s. It is also the case that the
asymptotic learning level reached by the amber-marker group is both
slightly less than that of the blackout-marker group and is reached

marginally later.

Two approaches can be adopted to the results of the amber-marker

group. The first is to replot the learning curve so that its
point is close to those of the other two groups. If this is

done then the outcome of this experiment is very like that of the last
one with the control group doing substantially better than the amber-
marker group. Taken in conjunction with the blackout-marker group,
this suggests that there is something about the nature of the amber
marker which is particularly damaging to colour discrimination learn-

ing. The version of the interference hypothesis which points to the
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Figure 15

Increase in percent correct choices over blocks of two sessions
for the amber-marker groups in Experiments 6 and 7,
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in percent correct choices over blocks of two sessions

for the amber-marker groups in Experiments 5 and 7.
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of tho amt>er marker than the hlackout marker to

interfere with colour memory is therefore supported.

On the other hand, if the learning curve shown by the amber-marker
group is not replotted, then the effect of this marker is unclear.
The results of Experiment 6 are not replicated and one is left with
a situation where the two experiments point to different conclusions.
The Ffirst showed that the amber marker was damaging and reduced
performance below that of the control group, whereas the second
implied that the marker probably had no impact as the asymptotes in
the marked and control groups were the same. what is clear from both
experiments, (unless the initially high level of the group in this
experiment is ascribed to marking), is that there was no enhancement

of learning when choice responses were followed by an amber marker.

The analysis of Experiment 7 is made difficult on two counts.
One, the absence of the appropriate data makes it impossible to be
confident about the role of adventitious learning when dis-
criminative stimuli are maintained until the end of the delay. It
is not possible, for instance, to examine the impact of the amber
marker upon any inertial tendency that the birds might display. The
second source of difficulty is the ambiguity that surrounds the

performance of the amber-marker group.

Despite these problems it is possible to draw three tentative
conclusions - one, the presence of the discriminative stimuli through-
out the delay allows a higher level of learning; +two, the blackout-
marker produces results which are at least as good as the control
groups and do not strongly contradict the marking hypothesis; and
three, that a specific, colour interference hypothesis may be consis-

tent with these results.
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3.4 EXPERIMENT 8

The basis for the last three experiments was an attempt to demon-

strate a marking effect and thereby establish that earlier failures

to do so reflected inappropriate choices of parameters and not some

more fundamental limitation on the generality of the phenomenon.

However, no significant marking effect was found in Experiments 5 to

7 although the results did provide some useful pointers. The aim in

this experiment was to incorporate those features in a design which,

it was hoped, would reveal a marking effect. A successful demons-

tration of marking would still leave a number of questions to be

dealt with about the reasons for past failures. Nonetheless,

evidence that marking was possible using a quite different paradigm
to that of the original studies by Lieberman et al. (1979) and Thomas

et al. (1983) would be valuable.

One design feature that was identified as being important if

marking was to be revealed, was a control group which did not learn

too rapidly. Two different control groups had so far been used with

a 6-sec delay of reward. The first of these, in Experiment 5, had

shown a relatively small increase in percentage correct over the

course of training. The group®"s average percentage correct had only

risen from about 50% on the first training block to just over 60% on

the final block, in contrast, the second type of control group,

(found iIn Experiments 6 and 7), had performed very well, showing rapid

learning and a high asymptotic performance. In both experiments,

the control subjects had improved by an average of 25 percentage

points during the first two blocks alone. Performance of this kind

seemed likely to make it difficult to avoid ceiling effects which

would obscure any benefit of the marker. Therefore, it was decided

to adopt in this experiment the same type of design as had been used
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in Experiment 5. Thus in the control group, choice responses started

the trial and after 3 sec the discriminative stimuli were replaced

with white illumination which remained until the end of the delay.

Of the various marked groups that had been used so far, the most

promising results had been obtained in Experiment 5 in which choice

responses were followed by the offset of the houselight and keylight

for 0.5 sec. The level of correct responding in the marked group

was consistently, though not significantly, higher than in the control

group. When the same marker had been used iIn the last experiment,

(with a different delay-interval procedure), it also produced very

slightly better performance than in control subjects towards the end

of training. in the present experiment a new element was added in

an attempt to strengthen the marker and make it more likely to

initiate a backward scan of memory. The new element was the onset

of the magazine light for 0.5 sec immediately following a choice and

concurrent with offset of the houselight and keylight. The magazine

light should have acquired secondary reinforcing properties through

repeated pairings with food during magazine training, autoshaping and

pretaining. Consequently its ability to attract the attention of the

subject should be high and it should in combination with the other

elements, provide a salient and unexpected event of the kind that

would be expected to act as an effective marker. Although there was

a possibility that magazine-light onset would act as a distractor in

the way discussed in Experiment 5, the evidence to support that

analysis seemed weak and was considerably outweighed by the potential

benefit of adding this element. Following the marker, the red and

green stimuli returned to the key and remained on for a further 2.5

sec before being replaced with white illumination until the end of

the delay.
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Method
Subjects
The siabjects were 14 adult Rock pigeons which were experimentally
naive at the start of the experiment. They were housed and main-

tained under the same conditions as in previous experiments.

Apparatus

The same apparatus was used as in Experiment 5.

Procedure

Magazine training, autoshaping and pretraining. The same procedure

was used as in Experiment 4. Some subjects required two sessions

of autoshaping.

Delayed reward training. The subjects were divided into two groups
of seven birds each. The groups were matched for level of colour

preference, level of side preference, and response rate on the basis

of the birds” performance in pretraining. The allocation of subjects

to each of the operant chambers and the daily running order of subjects

were balanced across groups. The colour to be rewarded was deter-

mined in the same way as in Experiment 4.

* trial began with the illumination of the response key with the

discriminative stimuli. The subject®s first peck represented its

choice response. Subjects in the marked group had choice responses

immediately followed by the offset of houselight and keylight, also
for 0.5 sec. The response key was then reilluminated with the red
and green discriminative stimuli which remained for a further 2.5 sec
before being replaced with white illumination. The key stayed white

for the final 3 sec of the 6-sec delay.

Subjects in the control group simply initiated the trial with
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their choice response. The red and green stimuli remained available

for 3 sec before replacement with white illumination until the end

of the delay.

In both groups correct choices were rewarded by 3-sec access to

wheat grain at the end of the trial. The interval between the end

of one trial and the next presentation of the discriminative stimuli
was 10 sec. During this interval the key was darkened. All

subjects received 20 daily sessions, each of 50 trials.

Results

The percentages of correct choice responses averaged over blocks

of two sessions for both groups are presented in Figure 16. it is

apparent from Figure 16 that both groups show an improvement in
correct responding during the experiment and that there is no
difference between the average performance of marked and control
subjects. This impression is supported by a two-way analysis of
variance using the factors of experimental treatment and blocks.

in the percentage correct over blocks,

12)

There is a significant change
F(9, 108) = 4.14, p < .01, but no significant groups effect, F(l,

= 0.17, p > .05, or Blocks x Group interaction, F(9, 108) = 0.32,

P > .05.

Discussion

The results of this experiment do not support the hypothesis

that following a choice response with a salient event will facilitate

learning. Despite the use of an apparently optimal combination of
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Figure 16

Mean percentage of correct choice responses over blocks of
two sessions for both groups in Experiment 8.
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elements as a marker, the performance of the marked group was no

better than that of the control group.

A comprehensive analysis of the interpretations that can be
placed on the results of this and earlier experiments will be
provided in the general summary and discussion which follows this
section. The discussion here will focus on why the new element of
the marker - the onset of the magazine light for 0.5 sec - did not
PI™°vide the additional benefit that had been anticipated. In
Experiment 5, where offset of the houselight and keylight was used as
a marker, the marked group performed better, though not significantly
so, than the control group. Not only did the extra element fail to
enhance this slight effect, but the learning curves of the two groups

were actually indistinguishable in the current experiment.

In retrospect the use of a flash of magazine light might have
been damaging in three ways. The first is that the effectiveness
of the offset of houselight and keylight as a marker in Experiment 5
might have depended on the complete darkening of the chamber which
It involved. The partial illumination of the chamber by the magazine
light might have served to undermine the potency of the other two
elements by reducing the amount of change in chamber illumination
following choice responses. A second way in which the added element
could have impaired learning in the marked group relative to the
control group was by acting as a distractor. Given the birds”
experience of magazine light pairings with food, the onset of this
light would be very likely to draw the birds® attention away from the
response key and towards the magazine. It is possible that control
subjects benefited from continued exposure to the discriminative

stimuli, (though the discussion in Experiment 5 indicated this was
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unlikely), and consequently that the addition of magazine light onset

to the marker detracted from learning in marked subjects. A third

possibility is based on the likelihood that the magazine light had

been established as a secondary or conditioned reinforcer by virtue
of its repeated pairings with food during the stages before delayed
reward training and the training itself (Kelleher, 1961), As a

consequence its use as a marker might have had the effect of

strengthening both correct and incorrect responses and thereby
detracting from any advantage which might have been derived from a

marking effect acting on its own.

Unfortunately it is difficult to provide evidence from the present
experiment that could test the validity of these three hypotheses.

A comparison of response rates in the two groups might be informative
about either the distractor or the secondary reinforcer mechanisms if

either was operating in isolation. One would expect the magazine

light onset to lower the response level in the marked group relative

to the control group if it acted as a distractor. On the other hand.

If It possessed secondary reinforcing qualities then an enhancement

of responding in the marked group would be anticipated. However,

as both effects could well have been at work simultaneously no clear
predictions about the relative response rates of the two groups can
be derived. Indeed inspection of the response rates for the two

groups suggests that they did not differ. This impression is

confirmed by analysis of two sample sessions. On the first session

the average response rate for the marked group of 161 did not differ

significantly from the control average of 206, t(12) = 0.94, p > .40.
The same was true for the 10th session where the rates for the marked

and control groups were 290 and 314 respectively, t(12) = 0.35, p > .50.
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The addition of the onset of the magazine light to the marker

used In Experiment 5 was not successful in producing a marking effect

in this experiment. if anything, the impact of this extra element

was to detract from the efficiency of houselight and keylight offset

alone. This outcome might have been due purely to chance.

Alternatively it could have been caused by a reduction in the degree

of change in illumination, a distractor effect, or the secondary

reinforcer qualities of the magazine light.
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3«5 GENERAL SUMMARY AND DISCUSSION

The work reported in this part of the thesis was directed at

determining whether or not marking can be found using a visual

discrimination task with pigeons in an operant chamber. It involved

the manipulation of various parameters of the experimental situation

in an attempt to find out whether a marking effect could be achieved

under certain circumstances in this paradigm, or whether there was a

fundamental limitation on the generality of the marking phenomenon.

The results were not encouraging as in no case did following a

choice response with a salient event significantly facilitate learning.

This discussion deals first with the outcomes of the various

parametric manipulations which have been performed. it then goes on

to examine the various hypotheses which have been proposed so far to

account both for the failure to achieve a marking effect and for the

occasionally superior performance of the control group. This section

focuses primarily on Experiments 5 to 8. The next stage in the

discussion considers evidence that marking can be found in spatial

operant discriminations in pigeons - a discovery which suggests that

the limits on the generality of the phenomenon indicated by the research

reported here could be related to the visual nature of the task used.

Finally, some conclusions about the implications of these experiments

for marking are presented.

Three parameters have been varied within the eight experiments

that have been presented so far. These are delay of reinforcement,

delay-interval procedure, and type of marker. In the first four

experiments delay of reinforcement was always 15 sec whereas in all

subsequent experiments it was reduced to 6 sec. The reduction in

delay did not seem to make much difference to performance. If the
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results of the whole-key marker and control groups in Experiment 4
are compared with results for the marked and control groups in
Experiment 5, then it can be seen that the level of learning was
similar in both experiments (see Figures 8 and 10). m each case

there was an increase of about 20 percentage points between the first

and last training blocks.

A second set of manipulations involved the sequence of events
that filled the delay interval. In some of the experiments choice
responses were followed by the darkening of the non-chosen side of

the response key. It was clearly established by Experiments 1 to 4

that the impact of this was to allow learning through perceptual

focusing as a consequence of differential stimulus exposure. Another

variation in procedure involved the maintenance or not of the discri-

minative stimuli until the end of the delay interval. When these

stimuli were replaced with white illumination midway through the delay

as in Experiment 5, the level of learning was generally much lower
than when they remained on the response key until the end of the delay

as In Experiment 7. Apart from this difference in delay-interval

procedure, the marked and blackout-marker groups of Experiments 5 and

7 respectively were identical in design, as were the control groups

of the two experiments. It can be seen from Figures 10 and 13 that

for each pair of groups the increase in percent correct in Experiment

7 was approximately twice that in Experiment 5.

Several different markers were used both on and off the response

key. The most damaging markers were found in Experiment 3, where
choice responses were followed by a burst of white noise and houselight
offset for 2 sec, and Experiment 6, where choices led to amber

illumination of the key for 0.5 sec. In each instance the marked
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group did significantly worse than the control group. The most

effective event to be used as a marker was the combination of house-
light and keylight offset, both for 0.5 sec, in Experiment 5. The

outcome in this case was a consistently higher percentage of correct

choices by the marked group though the difference was not significant.
Several hypotheses have been proposed to account for the findings

of these experiments. Before entering into a discussion of these

hypotheses, an important point about the interpretation of the
experimental work presented here should be mentioned. in selecting

markers the intention was to choose a highly salient event of a Kkind

which seemed likely to initiate a backward memory scan and thereby

make a choice response more memorable. To achieve the required

level of salience several elements were often combined to produce a

compound marker. In retrospect this procedure can be seen to have

made the analysis of results more difficult - it is possible that the

effect on performance of each element of a marker was different.

Thus there are problems in disentangling the impact of the various

elements of markers in a way which would permit a more coherent

assessment of the hypotheses presented. This problem renders the

discussion which follows more tentative than would probably have been
the case if single events rather than compound markers had been

generally used.

of the hypotheses that has been proposed to account for
some aspect or other of these experiments will now be considered and

evaluated in the light of the pattern of results as a whole.
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Interference hypothesis

One of the hypotheses is an interference hypothesis of the kind

advanced by several investigators including Grant and Roberts (1976),

Roberts (1980), and Wagner (1976, 1978). m a simple form the
interference account suggests that events compete for processing time

in a limited capacity short-term memory and that the impact of new

events can be to displace preceding ones from memory, thus denying

them the rehearsal necessary for learning. As applied to the marking

work reported here, this interpretation implies that events during

the delay, including the marker, may act to prevent rehearsal of

information about the discriminative stimuli and the choice response,

thereby damaging performance. in earlier discussions two versions

of the interference hypothesis have been presented, one of which was

general in scope and allowed that stimuli of all kinds could displace

information from short-term memory with detrimental consequences.
The other was more specific and proposed that the colour processing
required iIn the red-green discrimination employed here would be
particularly susceptible to disruption by colour stimuli occurring

during the delay.

The general interference hypothesis was intially suggested as a

possible explanation of failure to get marking in Experiment 5 and of

the relatively low level of learning in situations where the red and

green stimuli were replaced with white during the delay. This change

in stimuli and the houselight-offset element of the marker were seen

as potentially interfering events. Following the outcome of Experi-

ment 6 where the marked group did significantly worse than the control

group, the interference interpretation was extended to include the

marker itself as an event that might displace information from short-
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term memory. The general interference hypothesis would predict
that marked group performance in Experiments 5 and 8, and blackout-
marker group learning in Experiment 7 should be worse than the

performance of their respective control groups. This is because in
each instance the marked group experienced greater stimulus change

than the control group. in no case was this prediction confirmed

and therefore the general pattern of results did not support the

hypothesis.

Evidence from other researchers has mixed implications for a
general interference hypothesis. In some cases additional stimuli
have been found to interfere with performance, (see, for example.

Grant and Roberts, 1976; Pearce and Hall, 1978). However, in those
situations which are most similar to the experiments reported here

no interference effect has been found. In work involving discrimi-
nation tasks with a salient event following both correct and incorrect
choice responses (Fuller, 1981; Lieberman, personal communication,
1981; Lieberman et al., 1979; Thomas et al., 1983) facilitation,

not interference, was observed. In particular, in experiments by
Fuller (1981) and Lieberman (personal communication, 1981) involving
spatial discrimination learning by pigeons using the same apparatus,

the performance of the marked group was better than that of the

control group.

The colour version of the interference hypothesis receives more

support from these experiments. The amber-marker group in Experiment

6 performed significantly less well than the control group. The

outcome of an attempted replication of these groups in Experiment 7

was unclear, but if the average results of the amber-marker subjects

are replotted then they appear to do less well than either blackout-
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marker or control birds. These findings, especially when set
against the general trend of results with other markers, suggest that
colour markers may interferewith the specific colour processing
needed for the solution of this particular discrimination. It should
be noted that in none of the marking work by other researchers
reported in this thesis was there a parallel similarity between the
nature of the marker and the discrimination task (Fuller, 1981;
Lieberman, personal communication, 1981; Lieberman et al., 1979;
Thomas et al. , 1983) . What is not clear is whether this possible
effect is one that is peculiar to colour stimuli, or whether it is
more generally the case that when the discriminative stimuli and
marker are drawn from the same stimulus class, then interference
occurs. This question could be iInvestigated using various combina-
tions of stimuli drawn from two classes - for instance, colours and
black-and-white patterns - as markers and discriminative stimuli

using an approach similar to that of Grant and Roberts (1976) . In

a delayed matching-to-sample situation they varied the relationship

between the sample stimulus and a stimulus interpolated during the

interval between the sample and cmparison stimuli. They were thereby
able to test whether interpolated stimuli drawn from the same category

as the sample were more likely to interfere with matching than

stimuli from a different category.

One way of evaluating the likely validity of the specific form

of the interference hypothesis iIs to examine the evidence available

from other, nonmarking, research. A similar line of argument to that

proposed above has also recently been advanced by Mackintosh (1983,

PP. 276-7) in a discussion of discrimination learning. In the context

of an evaluation of the relationship between Wagner®s (1978, 1981)
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rehearsal model and the effects of interpolated stimuli in delayed
matching-to-sample tasks, Mackintosh proposes that the most satis-

factory evidence of an effect of retroactive interference on

retention comes from 'studies that have shown that the amount of

interference depends on the relationship between the interpolated
event and the sample that is to be rememJjered"” (Mackintosh, 1983,

p-276). He cites work with monkeys by D"Amato in which performance

in visual delayed matching-to-sample was impaired by the introduction

of houselight between the sample stimulus and comparison stimuli.
If the level of illumination, and consequently visual stimulation,
was reduced during the delay interval then matching was facilitated

(D"Amato and O"Neill, 1971). Also if auditory stimuli in the form

of white noise or monkey vocalisations were inserted in the delay, no

interference with matching was found (Worsham and D"Amato, 1973).

As Mackintosh suggests, these studies imply that stimuli of a parti-

cular class are rehearsed in a relatively specific rehearsal mechanism.

As a result, matching tasks with visual stimuli are peculiarly

susceptible to disruption by other visual events. Evidence from

studies of human short-term memory is consistent with this view (see,

for example, Kroll, Parks, Parkinson, Bieber and Johnson, 1970;

Peterson, Rawlings and Cohen, 1977; Salzberg, Parks, Kroll and

Parkinson, 1971).

Further evidence that visual stimuli can interfere with perfor-
mance is provided by studies of delayed matching-to-sample in pigeons,
Grant and Roberts (1976), (whose work was referred to earlier),
concluded from their research that degree of illumination during the
delay interval was a significant source of damage to the matching

performance of their pigeons. Other investigators (Cook, 1980;
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Tranberg and Rilling, 1980) have also shown that changes in delay-
interval illumination interfere with pigeon short-term memory in

delayed matching-to-sample tasks.

Taken together, these studies of monkey and pigeon delayed
matching-to-sample and human short-term memory support an interference
model which allows that stimuli from a specific class are more likely
to interfere with the rehearsal of stimuli from the same class than
from a different class. At a theoretical level the results from
other research areas are therefore in line with the potential
implications of the experiments carried out for this thesis. However,
at an empirical level the results of the two sets of experiments
conflict on the question of how broadly defined the classes of
stimuli are. On the one hand the marking experiments reported here
suggest that interference operates at the level of colour stimuli.
When visual stimuli were used as markers, such as houselight and
keylight offset in Experiment 5, they did not produce a decrement in
learning relative to the control group. On the other hand are the
findings of Grant and Roberts (1976). In a series of experiments
of the effects of interpolating stimuli between the sample stimulus
and the test stimuli, they used stimuli from two classes - colours
and black-and-white patterns. The objective was to test the hypo-
thesis that "interpolated stimuli from either class would interfere
more with delayed matching-to-sample of stimuli from its own class
than those from the other class" (Grant and Roberts, 1976, p.-2).

No such effect was found. As was mentioned, they concluded that

degree of illumination during the interval was the important factor.

In summary therefore, two problems arise when the categories of

stimuli suggested by the two areas are compared. The work on
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dslsyod nifltching to—ssmplG snd hiinidn shojrt—tsinrm nGinox"y pirovidss
GvidcncO® of Inte3ffo3ToncO® at a bx"oad visual Igvsl which points to som©
kind of visual reh©arsal mO©chanism. In contrast, th©® results of

the marking experiments reported here suggest a more restricted
interference effect at the colour as opposed to visual level. Not
only is there a divergence between the two sets of results in terms
of the breadth of categories within which interference is found,

but the delayed matching-to-sample work by Grant and Roberts (1976)
provides evidence against the notion of a specific colour rehearsal
mechanism. Therefore non-marking research does not unequivocally
support the kind of interference hypothesis suggested by the experi-
ments conducted for this thesis. Further research would be useful,
fii'st, to establish whether there is definitely a colour interference
effect in the paradigm used here; second, whether this effect is
found with other classes of stimuli, and third, to examine which
factors might be responsible for the apparent difference between

delayed matching-to-sample and marking situations.

One result which does not fit the pattern suggested by the
discussion of interference hypotheses above is the finding in
Experiment 3 of slightly better performance in the control group
than the marked group (see Figure 6). No learning was found in the
marked group whose choice responses were followed by a combination of
a burst of white noise and the offset of houselight, both for 2 sec.
The control group showed an improvement in performance though it did
significantly better than the marked group on only two sessions.
Later experiments that also involved houselight offset, (though
only for 0.5 sec), did not reveal a deficit in performance relative

to controls, which suggests that the burst of white noise may have
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the control group was not significant. Third, the successful use
of the white-noise and light-flash markers by Lieberman et al. (1979)
and Thomas et al. (1983) was not consistent with a distractor view.

There is therefore little support for a distractor hypothesis.

Adventitious learning

Two hypotheses were raised in the context of explaining why
learning was so much better when the discriminative stimuli were
maintained throughout the delay. One, which was based on a general
intereference account, can now be discounted following the failure to
find any support for it in the discussion earlier in this chapter.
An alternative and more convincing interpretation of the improvement
in performance found when discriminative stimuli are maintained is
based on adventitious learning. it was found that birds continued
to peck the response key during the delay following a choice. If
it is assumed that there is an inertial tendency in their response
patterns, then the subjects will receive occasional chance pairings
of pecks to the correct colour with reward and to the incorrect
colour with non-reward. Adventitious learning should therefore be
possible. Unfortunately, the evidence of an inertial tendency
needed to provide a firm basis for this interpretation is not

available.

Startle hypothesis
One final hypothesis, which was suggested initially to explain
the failure of the marked group in Experiment 6, no longer seems

credible. This "startle effect" account proposed that the effect
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of following choices with an amber marker was to disrupt the inertial
tendency and thereby remove the basis for adventitious reinforcement.
Once again inertial tendency data may have helped in the assessment

of this account, but in the light of Experiment 7 where a blackout-
marker group learned as well as the control group, the startle view

seems implausible. One would have expected the complete darkening

of the chamber to be as likely to disrupt any inertial tendency as
an amber flash. In any case it now seems that the results of
Experiment 6 can be more adequately dealt with by a colour version

of the interference hypothesis.

Conclusions
Discussion has now taken place of two interference hypotheses,
a distractor hypothesis, an adventitious learning account, and a
effect. The one interpretation to receive most, though not

absolutely convincing, support from the data is the colour version of

the interference hypothesis. The other accounts may in fact be

correct with reference to the effects of particular elements of

markers and could certainly be experimentally tested. However, the

use of compound markers in some of this research and the absence of

evidence about inertial response tendencies make it hard to reach

more definite conclusions about the validity of these accounts.

What implications then does this series of experiments have for

the generality of the marking phenomenon? This question is best

answered in the light of other research which has been conducted

using a spatial discrimination task. The experiments of Fuller

(1981) and Lieberman (personal communication, 1981) have already been
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referred to. In both cases pigeons were tested using the same
apparatus as iIn the research reported here and with essentially the
same procedure. Discrete trials lasting 6 sec were employed with
the response key illuminated white during the trial. In the

marked groups, choice responses were followed by the darkening of the
key for 0.75 sec. Learning was greater in the marked group. More
recently, Davidson (1983) reported successful spatial marking with a
Jsther different procedure but still using pigeons and the same split-
key apparatus as in this work. (Full details of Davidson®s design
will be given in the next part of the thesis). Successes of this
kind represent evidence that any limits to the generality of the
marking phenomenon do not lie with the species used or with the
experimental situation. Learning with pigeons in an operant chamber
is facilitated when their choice responses are followed by a salient
event if the discrimination is a spatial one. As the maze learning
reported by Lieberman et al. (1979) and Thomas et al. (1983) also
involved spatial tasks, it seems that there may be special difficul-
ties with visual discrimination problems. A limit to marking"s

generality may lie with visual learning.

Why should marking in visual tasks be any more difficult to
achieve than in spatial ones? One possibility is that visual
discriminations themselves are more difficult than spatial problems.
This could be because simultaneous visual discriminations necessarily
involve two sets of cues, those relevant to reinforcement or non-
reinforcement and those irrelevant to the solution of the problem.
The red and green stimuli that the subject has to choose between for
reward are presented in different positions - the left and right side

of the response key - and this difference in position is irrelevant



to the solution of the problem. The subjects might need to learn to
attend to the relevant stimuli of the discrimination task (Mackintosh,
1983, pp- 244-5; Sutherland and Mackintosh, 1971). In contrast,

the spatial discrimination problems used in the experiments by Fuller
(1981), Hliieberman (personal communication, 1981), and Davidson (1983)
involved only one set of differential cues, those associated with
position. In each of these experiments both sides of the response
key were illuminated white. In other spatial marking experiments
conducted using mazes (Lieberman et al., 1979; Thomas et al., 1983),
additional, visual, cues were provided by painting the side arms

(or the doors from the choice box to the side arms) black on one

side and white on the other. However, the same colour was always
associated with the same side. Therefore regardless of whether
subjects initially coded the problem spatially or visually they still
should have been able to learn about the problem. Thus in the
spatial marking experiments either only one set of cues was present,
or, if two sets were available, then both were relevant to the
discrimination. Greater difficulty with the red-green discrimination
used iIn the visual experiments reported here could have arisen

because the subjects initially coded the problem in spatial terms and
only later attended to colour. Evidence that pigeons find colour
discriminations more difficult than spatial tasks is provided by
Bullock and Bitterman (1962) , and Schade and Bitterman (1966) . Using
a standard two-key apparatus, they found that even in an immediate
reinforcement situation, (as opposed to the delayed reward used here) ,
pigeons still made more errors on and took longer to solve a visual

discrimination problem.

An analysis of why spatial marking in pigeons should succeed

but visual marking fail, in terms of the relative ease of spatial
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~nd visual tasks, jruns into an obvious piroblam givOn the “results of
this research. The difficulty is that although visual tasks may be
harder than spatial ones, nonetheless the discrimination used here is
capable of solution. In all the experiments, (even where adventitious
reinforcement was not possible), learning did occur. The guestion
therefore remains of why, given that the task could be solved, did

marking not facilitate learning?

One way around this problem is suggested by considering those
~urlibies that may be important in determining the effectiveness of
a marker. Salience is one dimension, novelty has been proposed as
another. A new, and therefore surprising, event is seen as more
likely to initiate a memory search than one which has been previously
experienced. This analysis suggests that a marker may be at its
most effective during the early stages of training. If the
additional assumption is made that the initial coding of the problem
by the pigeons is in spatial terms, then it could be argued that the
failure of marking in visual tasks arises because at the stage when
the marker is most effective, subjects are attending to the wrong
dimension. At a later point iIn training when the birds attend to the
relevant, visual, cues the marker is no longer very effective. An
account of this kind is capable of explaining the apparent difference

between performance in spatial and visual tasks.

Unfortunately evidence from the response patterns of the subjects
during the pretraining stages of the experiment does not support this
interpretation. Many subjects do indeed show strong side preferences
but there are also clear colour preferences at the very earliest
stages of the experiments. Figures for the level of preference for

the subsequently-designated correct colour during pretraining are
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given by way of illustration for two experiments. in Experiment 4,
the average percentage of responses to the colour subsequently
rewarded in training was 31%. The figure for Experiment 8 was 20%.
Additional evidence that the subjects are indeed attending to colour
is Ptovided by the rapid initial improvement in performance found in
several experiments. For example, in Experiment 6 both groups showed
a rise of at least 12 percentage points in their level of correct
responding between the first and second blocks, (see Figure 12).

In Experiment 7, the results of which are shown in Figure 13, there
was also a substantial improvement by all groups of more than 10
PGtcentage points between the baseline provided by pretraining and

the first block of delayed reward training.

It could be argued that although initial coding may be in visual
terms, memory for colour is poor. However, this proposition runs
into the problem that it does not differentiate between marked and
control groups. Therefore it does not explain why marking, as

opposed to learning, might be harder in visual tasks.

The discussion above has not identified any general feature of
visual problems which could explain why it appears that marking might
be possible in spatial but not visual discriminations. This suggests
that the difficulty might lie with the particular procedures which
have been adopted in this research programme. This conclusion is
strengthened by the fact that the marking effect obtained using a
spatial equivalent of the procedure (Fuller, 1981; Lieberman,
personal communication, 1981) was not as powerful as in earlier maze
experiments (Lieberman et al., 1979; Thomas et al., 1983). The
final stage of the research therefore involved an investigation of
visual marking using a quite different procedure - this work is

described in the next part of the thesis.
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What initial conclusions can be drawn about marking from the
experiments reported so far? It does appear that there are
limitations to the range of situations in which following choice
responses with a salient or novel event will facilitate learning.
Several events which intuitively should be highly salient for a
pi*?®@\" such as the complete darkening of the chamber, have not
produced additional learning in the marked groups. An entirely novel
event of the kind involved in an amber flash on the response key also
failed to improve performance above that of the control group.
Therefore it seems that salience or novelty is not necessarily
enough to ensure that a marking effect will be revealed by facilitated
performance. It may have been the case that marking occurred in
these experiments iIn the sense that a backward scan through the
memory store to identify a causal or predictive one took place, but
if this did happen it was not reflected in improved performance.

One problem that has been identified and which may have hampered the
emergence of a marking effect, is the use of multiple events or
compound markers in some experiments. The impact of the various
elements on learning might have been in different directions, making

it difficult to interpret some results clearly.

Another finding which has emerged is that events intended as
markers can impair performeince relative to a control group - a
counter-marking effect. A colour interference hypothesis was
proposed to account in part for this discovery. Further work on the
relationship between the classes of stimuli used in a discrimination
problem and as markers, and the consequences of different relation-

ships would be profitcUDle.
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CHAPTER 4
INVISIBLE-TRIAL EXPERIMENTS

4.1 GENERAL INTRODUCTION

There is little evidence from the experiments reported so far
that supports the marking hypothesis. Following choice responses
with a salient or novel event did not facilitate learning in the
way that Lieberman et al. (1979) and Thomas et al. (1983) found.
Several potential explanations for these results have been discussed.
One possibility is that this failure could be attributed to either
the species or apparatus used. The successful demonstration of
marking with pigeons in operant chambers by Fuller (1981), Lieberman
(personal communication, 1981), and Davidson (1983) did not support
this view. A second explanation which has been proposed for the
absence of a marking effect in these experiments is that the
difficulty may lie with the visual nature of the discrimination task.
All other investigations of marking have employed spatial discrimina-
tions. However, an examination of the theoretical and empirical
evidence did not pinpoint any feature of visual problems that could
clearly account for the failure to obtain marking. A third alter-
native is that the difficulty may lie with the particular procedure
used in this research. This interpretation is encouraged by the
fact that the marking effect achieved with a spatial version of the
procedure was not powerful (Fuller, 1981; Lieberman, personal
communication, 1981). The weakness of this effect led to the develop-
ment of a new procedure for examining marking in pigeons in an
operant chamber (Davidson, 1983). The effect obtained using
Davidson®s (1983) procedure was much stronger than in the spatial

discrete-trial experiments, suggesting that it would be profitable to

establish whether a similar improvement would be found with a visual
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version of Davidson’s basic design. The next section of this
discussion will describe Davidson®s (1983) work and subsequent
experiments by D. A. Lieberman (personal communications, June 1983,
September 1983) using the same general design. The aim of this
account is to provide a proper background to the visual version of
the new procedure, and to allow a subsequent comparison of spatial

and visual situations.

Experiments 1 to 8 and the work performed by Fuller (1981) and
bieberman (personal communication, 1981) all involved a discrete-
trial procedure. The response key was darkened during the interval
between the end of a trial and the next presentation of the discri-
minative stimuli. One problem with these experiments was that
subjects in the control group did reasonably well, thus making it
harder to demonstrate any improvement in learning produced by
marking. Consequently in order to make the task more difficult,
Davidson (1983) adopted what could be called an "invisible-trials"
procedure. During delayed reward training trials were no longer
signalled by the onset and offset of the discriminative stimuli.
Instead the key remained illuminated for the entire duration of each
session and trials were programmed at particular times by the
experimenter. The first response to occur after a trial had begun

was designated the choice response and initiated the delay interval.

Davidson (1983) used three groups of pigeons. In the choice-
marked group, the first vresponse of a trial produced a marker
regardless of whether or not it had been to the correct side of the
iey. The marker involved the replacement of the white keylight with
half-red, half-green key illumination for 1 sec immediately following

the '"'choice" response. (The key was lit red and green not only to



118

provide a salient marker but also to emphasize the two halves of the
key and thereby make the discrimination easier.) After a further
6 sec the subjects were rewarded if their choice had been correct.
In Davidson"s second group - called the pseudo-marked group - subjects
did not receive a marker on trials. Choice responses simply deter-
mined whether or not food was received 7 sec later and no change in
key illumination occurred. However, 15 or 20 sec after each trial
a pseudo-trial was programmed. The first response during this
pseudo—trial by subjects in the pseudo-marked group produced a marker
but had no other consequences. This group was introduced to control
for arousal effects which might have been produced by the marker.
n the level of arousal may have increased attention and
produced better learning through a non-marking process, (see the
discussion of the arousal hypothesis and the maze experiments).
AN ~dnal, control, group was also included which received no markers at
any point in the experiment. The hope was that the new procedure
would make the discrimination substantially harder for the control
group to learn as they would receive no indication of which response

was responsible for reinforcement.

Davidson found that performance in all three groups improved
over the course of the experiment. The marking hypothesis predicted
that learning should be best in the choice-marked group and this was
borne out by the experimental results. The choice-marked group did
significantly better than the pseudo-marked and control groups which
did not differ from each other. The absence of any difference in
percentage of correct choice responses between the pseudo-marked and
control groups added to the evidence provided by Lieberman et al.
(1979) and Thomas et al. (1983) against an arousal interpretation.

However, it may be that arousal at the time of food delivery is the
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crucial factor and that the marker produces only a temporary increase
in arousal. If these assumptions are correct, then an arousal
hypothesis could also account for the obtained results since a

marker which immediately preceded food, as in the choice-marked group,
“*onld be much more effective in facilitating learning. Thus the
pseudo-marked group with its marker about midway between trials may
not have been a good control for arousal interpretations of the
function of markers. It did however control for the possibility that
simply following responses occasionally with a salient event might
somehow enhance learning by, for instance, drawing attention to the

response.

A subsequent experiment using the invisible-trials procedure by
D. A. Lieberman (personal communication, June 1983) incorporated a
more effective control for an arousal view of marking. The design of
the experiment was the same as Davidson®s (1983) except that the
pseudo-marked group was replaced with a delayed-marker group. In this
group the presentation of the marker was delayed until 3 sec after
the subject had made its choice response. A design of this kind was
seen as providing a control for interpretations based on cycles of

arousal.

Lieberman found that a number of subjects stopped responding
during training and that the majority of these were control group
subjects. As a consequence a percentage correct analysis of the
birds® performance overestimated the level of learning in the control
group. Accordingly a different measure of learning was used to
analyse the results - the number of correct choice responses made in
each session. The marker and delayed-marker groups both showed

significantly better learning than the control group but did not differ
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from one another. Lieberman hypothesized that the absence of a
diff"""“"ce between the performances of the two marked groups might
have arisen from adventitious marking in the delayed-marker group as
a result of an inertial resf>onse tendency. Following a choice
response, subjects might have continued to peck to the same side of
the key, thereby producing chance pairings of a response with the
delayed marker. In order to test this hypothesis Lieberman examined
the responding of the delayed-marker group over the final three
sessions of the experiment when its behaviour was stable. He found
that the last response to precede a marker on rewarded trials was
correct 81% of the time. This evidence supports the view that
learning might have occurred in the delayed-marker group because of

adventitious marking.

The third experiment using the invisible-trials procedure (D. A.
Lieberman, personal communication, September 1983) was designed to
provide a more sensitive test of the arousal and memorial accounts of
the way markers operate. Once again there were three groups of
subjects but the delay of reward was increased to 10 sec and the trial
procedure was changed in an important way for the marked groups. In
the marked groups responses were no longer immediately marked.

Instead markers could only be received during a "window" which opened
2 sec after the choice response cind closed 7 sec later, that is 1 sec
before the end of the delay. In one marked group - called marked-
same - if the choice response had been to the correct side of the key,
then the first correct response during the window was marked.
Similarly, if the choice response had been incorrect, then the first
incorrect response during the window was marked. Thus although the
response of a trial determined its outcome, marking did not

occur until at least 2 sec, and at most 9 sec later. The reason for
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The "window" design used in D.A. Lieberman (personal
communication, September 1983) and Experiments 9 to 11,
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the adoption of this procedure as opposed to the more simple approach
used in earlier experiments arose from the design of the second
marked group. In this group - called marked-different - the choice
response determined the trial outcome in the usual way. However,
the first response to be marked during the window was not the same as
the choice response. Rather, if a correct choice had been made,
then the first incorrect response during the window was marked and
vice versa. Thus the marker contingency was reversed for the marked-
group. The need for the postponement of marking (rather
than simply marking the first response to occur after the choice that
was the same as the choice in the marked-same group and different in
the marked-different group), arose from the likelihood that subjects
possessed an inertial response tendency. If they did, then it was
Ptobable that the marked-same subjects, (where the response to be
marked was the same as the choice response), would receive a marker
sooner than the marked-different subjects, (where the response to be
marked was different from the choice response). As a result there
would be a dissimilarity between the two marked groups not only in
terms of the relationship between choice and marked response, but also
in the delay between marker and reinforcement. This confounding of
factors would make interpretation more difficult and therefore the
2-sec postponement of marking was introduced to allow time for the
effect of any inertial tendency to be weakened and ensure that both
groups received markers at about the same point in the trial. (The
similarity of marker latencies during the first few sessions of
training pointed to the success of this approach.) As in the
experiments by Davidson (1983) and Lieberman (personal communication,
June, 1983), the marker was a l-sec change in key illumination from

white to red and green. In the control group for the experiment.
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the choice response simply determined whether or not reinforcement

was provided subsequently.

This experiment by Lieberman provided a very sensitive test of
an arousal interpretation of the way markers operate. if the arousal
view was correct, then equal learning would have been expected in
the marked-same and marked-different groups. On the other hand if
the memorial account of marking proposed by Lieberman et al. (1979)
and Thomas et al. (1983) was accurate, then only the marked-same
group should benefit from the marker. Only in that group would the
marker initiate a backward scan through memory that would identify the
correct response on rewarded trials and make it more likely to be
recalled when reward was subsequently received. In the marked-

group the subjects were likely to attend to a response to

the incorrect side as a result of the marker. If anything performance
in this group should have been worse than in the other two as a
result of the birds erroneously learning that incorrect responses led

to food.

The outcome of Lieberman®s (personal communication, September
1983) experiment provided convincing support for the memorial account
of marking. However, for a second time, the percentage correct
measure of learning was rendered unreliable because different numbers
of subjects in each group dropped out during training. The number
quitting in the control group was highest with the result that
percentage data for that group were variable and generally overestimated
the level of performance by its subjects. The outcome of the
experiment was therefore analysed in terms of number of correct and
incorrect responses, each measure being based on all the responses in

a session except those during the delay interval following choices.






4.2 EXPERIMENT 9

exiriinont a visual version of the invisible—trial
procedure employed by Lieberman (personal communication, September
1983) was adopted. The discrimination problem used was the same red-

green one as iIn Experiments 1 to 8.

The primary objective of the experiment was to determine whether
the difficulties in obtaining marking in earlier experiments were
related to the visual nature of the discrimination or to the procedure
used. If no marking effect was found in Experiment 9, then it would
suggest that there are problems peculiar to marking in visual tasks.
On the other hand, if a marking effect did occur it would imply that

the difficulties in Experiments 1 to 8 arose from the procedures used.

Success in demonstrating a marking effect in this experiment

be helpful in several ways. One, it would provide a visual
replication of Lieberman®s spatial experiment. Two, it would
involve a further test of the memorial and arousal accounts of marking.
Three, identification of those features of the discrete-trial proce-
dure that led to the absence of a marking effect would be facilitated.
Finally, a paradigm for further exploration of visual marking would

be available.

As in Lieberman (personal communication, September 1983) three
groups were used in Experiment 9. In one of the marked groups,
marked-same, the response that was marked was the same as the choice
response. in the other marked group, marked-different, it was
different. A new marker was introduced in this experiment - the
response key illumination changed from red and green to white for

1 sec. As in Lieberman®s experiment markers could only be received
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duiring & window in tho dolay. in tho contirol group th© choic®

response simply determined whether reinforcement was received.

The marking hypothesis would predict that the marked-same group
should show the highest percentage of correct responses and the
marked-different group the least. The latter result would be
expected since a backward scan through memory following reinforcement
should be likely to identify the incorrect response for subjects in
the marked-different group. The effect on the performance of the
~o”™brol group in percentage terms was less clear in advance. It was
ot known whether several control subjects would extinguish in the way
that happened in the experiment by Lieberman (personal communication,
Sfiptember 1983) . IT the drop-out rate did differ across groups, then
pPAncent correct would become an unreliable measure of comparative

performance.

ITf the number of correct responses rather than the percentage is
considered, then the marked-same group should show an increase 1in
level of responding above that of either the marked-different or
control groups. On number of iIncorrect responses, the marking
hypothesis suggests that the marked-different group should do better

than the other two groups.

This experiment was also seen as an opportunity to excunine the
role of inertial tendency in learning, and the effect of the marker
upon inertial tendency. In several earlier experiments it had been
suggested that an inertial tendency in the subjects” responding might
have been the mechanism by which learning occurred, particularly in
control groups. Inertial tendency might have promoted learning
either as a result of adventitious marking in situations where the

response key illumination changed during the interval, (for example.
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Experiment 5), or as a consequence of adventitious reinforcement when
the discriminative stimuli were maintained until the end of the

delay (for example. Experiment 6). it had also been suggested in
Experiment 6 that marked subjects might have failed to benefit from
adventitious reinforcement because the marker disrupted an inertial
tendency - a ''startle effect" - although this possibility was
subsequently seen as unlikely. Unfortunately an error in data
collection had made it impossible to evaluate directly whether or not
an inertial tendency was present in birds®" pecking in these earlier
experiments. However, analysis of Davidson"s (1983) data had revealed

that an inertial tendency was present in all her groups.

In the present experiment determining the presence or absence of
an inertial tendency was seen as valuable for three reasons. First,
to confirm Davidson®s findings; second, to provide indirect but
useful evidence about the processes that might have operated in earlier
experiments; and third, to obtain information which could help in

the interpretation of the results of this experiment.

In order to measure inertial tendency two probabilities were
calculated. One was the probability that the last response* to be
made during a trial was correct given that the choice response on
that trial had been correct. The second was the probability that the
last response on a trial was correct given that the choice response on
that trial had been incorrect. The difference between these scores
was a measure of the subject"s inertial tendency; if the final

response on a trial was not influenced by the initial choice response.

It was decided to base the measure upon the last response because
if inertial tendency was to be capable of producing adventitious
learning of the kind provisionally ascribed to it in earlier
experiments, then it would have to be sufficiently strong to endure
until the final response of the delay. The relationship between
the choice and last response is therefore the one of greatest interest.
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then the probability of correct given correct would be the same as
the probability of correct given incorrect, and the difference

between the scores would be zero.

A final aim of this experiment was to assess whether the marker
had an impact on any inertial tendency. In order to be able to do
this within groups as well as between groups, data were also collected
for a "pseudotrial”™ which occurred half-way between real trials.

No markers or reinforcements were programmed during pseudotrials.

It was thus possible to compare a measure of inertial tendency during
trials - when markers were received by marked subjects - with a measure
from periods when no marker had been presented and thereby assess to
what degree markers affected behaviour. IT the marker was disruptive,
then the level of inertial tendency during pseudotrials should be

greater than during trials.

Method
Subjects
The subjects were 24 adult Rock pigeons which were experimentally
naive at the start of the experiment. They were housed and maintained

under the same conditions as in previous experiments.

Apparatus

In addition to the two operant chambers used in earlier experiments,
another two BRS/LVE operant chambers were used in this experiment.
They were identical in design to the original boxes. In all boxes a

new mechanism for registering pecks to the response key was introduced.
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This mechanism was more stable and reliable, and required less fine-

tuning to ensure that its sensitivity did not vary.

White noise at about 65 dB (SPL), (measured 7 cm in front of the
centre response hey), was continuously supplied to each chamber for
the duration of each session. The loudspeakers were mounted on the
ceilings of the chambers directly behind the centre of the front panel.
The houselight in each chamber was i1lluminated for the duration of
every session, except in magazine training when it remained off until

the subject had received its first reinforcement.

The electromechanical and solid state control equipment used in
previous exp>eriments was replaced with two Apple 2 computers which
were located in a different room from both the home cages and operant

chambers.

Magazine training and shaping. The magazine training given in this
experiment differed from that provided in Experiments 1 to 8.

Before the start of the session the food magazine was raised and
filled with grain, and the response key was illuminated with red and
green lights. The subject was then placed in the chamber. After it
had approached the magazine and fed for approximately 10 sec, the
magazine was lowered and then immediately raised again. Thereafter
magazine deliveries were progressively shortened until the bird was
eating during a 3-sec magazine presentation. During this process,
the intervals between presentations of the magazine were progressively

lengthened.

Once the subject had learned to obtain food from the magazine,

manually controlled shaping began with the aim of training it to
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psclc at thG response key. When the suhjact had received 10 consecutive
reinforcements for pecks to the key, the reinforcement schedule was
changed from continuous to random interval,” The initial probability
of reinforcement per second was set at 0,2 and this was progressively
reduced to 0,1 in steps of 0,01, A reduction in the probability of
reinforcement occurred on every other reinforcement if the time since
the last response or reinforcement was less than 3 sec. In order to
establish responding and avoid extinction the equipment was programmed
to provide increases in the probability of reinforcement if the
subject®s response rate fell beyond a certain level. Whenever the
latency of a reinforced response was greater than 5 sec, then the
probability of reinforcement was increased by 0,01, Once the subject
reached a probability of reinforcement per second of 0,1, this stage

of training was completed. The duration of each session was therefore

variable,

Three subjects completed the magazine training and shaping stages
within a single session, 12 subjects took two sessions, and the

remainder three or four.

Concurrent variable-interval training. All subjects then received
four daily sessions of concurrent VI training, designed to ensure
high rates of responding to both sides of the key. During the first
session reinforcement was simultaneously available on a VI 40-sec
schedule on each half of the response key. For all but two subjects
this session was followed by two sessions of concurrent VI 60-sec,

and a final session of concurrent VI 90-sec, For one subject the

N Zeiler (1977, p,202) defines random interval schedules as 'schedules
that provide reinforcer presentation after irregular time periods

but the precise sequences are not prespecified. Instead, each
time period ,,, is equally eligible for reinforcement according to
some probability". The delivery of reinforcement is, of course,

response dependent.
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second session was also concurrent VI 40-sec and another subject
received five concurrent VI sessions including three of concurrent

VI 50-sec. Each session lasted 30 min.

In Lieberman®s (personal communication, September 1983) study,
response key illumination was the same during concurrent VI training
as during delayed reward training (except, of course, for presentations
of markers during the latter stage). in order to ensure the same
level of similarity between concurrent VI and delayed reward training
in terms of cue availability in this experiment, the red and green
stimuli were programmed to occur on both sides of the key during
concurrent VI training. Changes from red—-green to green-red, and
vice versa, were scheduled to take place at the end of food reinforce-
ment, and with a probability on any particular reinforcement of 0.5.
Alternation of colours could occur at this point without it being
likely that the siabject was attending to the response key. In this

way subjects® exposure to stimulus change before the training stage

could be minimised.

Delayed reward training. The birds were divided into three groups
of eight subjects. The groups were matched for level of colour
preference, level of side preference, and response rate on the basis
of behaviour in the final session of concurrent VI training. The
running order of subjects and their allocation to each of the operant
chambers was balanced across groups. Subjects were rewarded for
choices to the colour that they had responded to least on the final
concurrent VI session. Thosebirds which had shown no preference

were rewarded in such a way as to maximise the matching of the groups.

For all subjects the response key was illuminated throughout the

session and the same invisible-trial procedure as in Lieberman
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(personal communication, September 1983) was used. The Ffirst response
after a trial began was designated the choice response. If it was to
the correct colour, then 3-sec access to food was made available after
a 10-sec delay. IT it was to the incorrect colour, then the subject
received no reinforcement. The red and green stimuli were alternated
between sides of the key in the same way as during concurrent VI

training.

For marked subjects the same window procedure as in Lieberman
(personal communication, September 1983) was used, (see Figure 17).
Markers could be received only during a period that started 2 sec
after the choice response and finished 7 sec later. In the marked-
same group the Tfirst response during this period that was the same as
the choice response, was marked. In the marked-different group the
FiTSt response that differed from the choice response was marked.

In both groups the marker was the replacement of the red and green
key illumination with white for 1 sec immediately following the marked

response. in the control group no markers were given.

In all groups a pseudotrial was programmed to occur 10 sec after
the end of a trial. The First response after the start of a pseudo-
trial initiated a 10-sec period. During this period responses had
no programmed consequences and did not produced either markers or
reinforcement. The only purpose of pseudotrials was to provide data
for periods of the same length as trials but without marker presenta-
tions. This data could then be compared with behaviour during trials,
allowing an assessment of the effect of markers upon pecking. The
interval between the end of a pseudotrial and the start of the

following trial was 10 sec.

M
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All subjocts irecGivGd 20 sessions of delaysd iromaird tjraining,
each session lasting 30 min. The number of trials iIn a session, up
to a maximum possible of 45, was therefore dependent upon the subject"s

response rate.

Inertial response tendency was measured in the following way.
Two probabilities were calculated. One was the probability that the
last response to be made during a trial was correct given that the
choice response had been correct. The second was the probability
that the last response on a trial was correct given that the choice
response on that trial had been incorrect. The second probability
was then subtracted from the first and the product multiplied by 100
to give a measure of inertial tendency. Thus, a score of 100 would
indicate a complete inertial tendency such that the final response on
a trial was always completely determined by the initial response on
that trial. If there was no inertial tendency and each response was
completely independent of the preceding response, then the two
probabilities would be equal giving ascore of zero. The stronger the

tendency, the higher the figure up to a maximum of 100.

In order to assess fully the impact of the marker upon any tendency
to repeat responses, the inertial tendency for pseudotrials was also
calculated. A measure of the effect of the marker was then obtained
by subtracting the inertial tendency score for pseudotrials from the
inertial tendency score for trials. If the marker disrupted inertial
tendency on trials, then one would expect scores for the marker effect
of less than zero. In the control group, the marker effect measure
should be about zero as the conditions during both pseudotrials and

tibidis were the same.
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Results
Two subjects, one iIn each of the mairked gjroups, niade no responses
after the first two sessions. As these subjects did not come into
effective contact with the contingencies of the experiment, their

data were excluded from all analyses.

Percent correct

Figure 18 shows the percentage of correct responses averaged
over blocks of two sessions for each group in the experiment. This
measure, which was based on choice and intertrial interval responses,
showed no improvement in all groups over the course of the experiment
from similar starting points in the first block. The highest level
of learning was found in the marked-same group with the marked-different
group doing least well, A two-way analysis of variance revealed a
significant difference between groups, F(@, 19) = 4.25, p < .05, and
a significant increase in percent correct over blocks, F(9, 171) = 9.22,
p < .001, The interaction between blocks and groups was not
significant, F(18, 171) = 0.77, p > .70. Subsequent Newman-Keuls
comparisons (Winer, 1971, pp.528-529) between groups showed that the
marked-same group performed significantly better than the marked-

different group (p < .05 No other comparisons were significant.

Number of correct responses

The numbers of correct responses averaged over blocks of two
sessions for each group are presented in Figure 19. This measure
was based on all correct responses except those during the delay
following a choice response. A very substantial increase in the
number of correct responses by the marked-same group is apparent. In
contrast, the level of correct responding rose only marginally in

the marked-different group and dropped in the control. A two-way
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Mean percentage of correct responses over blocks of two
sessions for each group in Experiment 9.
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Figure 19

Mean number of correct responses over blocks of two sessions
for each group in Experiment 9.
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Figure 19

Mean number of correct responses over blocks of two sessions
for each group in Experiment 9.
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analysis of variance for the factors of experimental treatments and
blocks of two sessxons confirmed that the number of correct responses
differed between groups, F(2, 19) = 7.09, p < .01. There was no
change in overall number of correct responses over the course of the
experiment, F(9, 171) = 1.53, p > .10, but the Blocks x Groups inter-
action was significant, F(18, 171) = 2.74, p < .001. Tests of simple
main effects (Winer, 1971, pp.529-533) indicated that the groups
differed on Blocks 4 to 10 inclusively, Fs(2, 19) > 4.00, ps < .05.
Subsequent Newman-Keuls tests revealed that the marked-same group
responded at a higher rate than both the marked-different and control
groups on Blocks 4 to 10 inclusive, (all ps < .01 except on Block 4
where the difference between the two marked groups was significant
only at the p < .05 level). The marked-different and control groups

did not differ significantly from each other on any block.

Number of incorrect responses
The numbers of incorrect responses for each group averaged over

blocks of two sessions are shown in Figure 20. As 1In previous
measures, the only responses to be excluded from the analysis are those
which occurred during the delay interval following choices. All
groups showed a decline in the number of incorrect responses over the
course of delayed reward training with the control group falling most.
A two-way analysis of variance confirmed that the level of incorrect
responding dropped significantly over blocks, F(, 171) = 10.10,
p < .001. The differences in the performance of the groups were not
significant, F(2, 19) = 1.57, p > .20, and the Blocks x Groups inter-
action was also insignificant, F(18, 171) = 1.36, p > .15.~

The absence of any statistically significant difference in incorrect
responding between the two marked groups on the final block makes it

unlikely that the difference iIn correct responding is due to the marker
producing a general increase iIn responding in the marked-flame group.
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Figure 20

Mean number of incorrect responses over blocks of two sessions
for each group iIn Experiment 9.
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Inertial response tendency

The data were also analysed to give the measure of inertial
tendency described in the procedure for this experiment. The level
of inertial tendency for each of the groups averaged over blocks of
four sessions is shown in Figure 21. There was no consistent
difference between the groups nor was there any obvious change in the
level of inertial tendency over the course of the experiment. These
impressions were confirmed by a two-way analysis of variance that
showed no effect of groups, F(2, 19) = 0.40, p > .65, or blocks,
F(, 76) =0.50, p > .70. The interaction between groups and blocks
was also insignificant, F(8, 76) = 0.79, p > .60. In order to
determine whether or not there was a significant inertial tendency,
the figures for each subject were averaged over delayed reward
training and compared with zero using a one-sample t-test. The
result was significant, t(21) = 8.15, p < .0001, showing that subjects

did tend to repeat their most recent response at a level above chance.

Effect of marker upon inertial tendency

The effect of the marker upon inertial tendency was assessed in
two ways. The Tfirst, which was based on the analysis of inertial
tendency during trials reported above, showed no difference between
the groups. The presentation of the marker in the marked groups
did not disrupt, (or strengthen), the inertial tendency in those

groups relative to that found in the control group.

The second assessment of the marker"s effect involved a comparison
of inertial tendency during pseudotrials (midway between real trials)
with inertial tendency during trials. Figure 22 presents the data
for the marker effect averaged over blocks of four sessions for each

group. These data were subjectedto a two-way analysis of variance
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Meein inertial tendency over blocks of four sessions for each
group in Experiment 9.
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migure 22

Mean effect of marker over blocks of four sessions for each
group in Experiment 9.
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which revealed no change in the effect of marker on inertial tendency
over blocks, F@, 76) = 0.91, p > .45. The interaction between
groups and blocks was also insignificant, F(8, 76) = 1.21, p > .30.
However, Figure 22 suggests that the level in the control group might
have been lower than in the marked-different group and the presence

of a significant difference between groups was confirmed by the
analysis of variance, f (@, 19) = 4.59, p < .05. Subsequent Newman-
Keuls comparisons showed that the figure for the marked-different
group was significantly greater than that for the control group,

p < .05. No other comparisons were significant. A one-sample t-

test was then carried out to determine whether the performance of the

group differed from the expected value of zero and the test

control
confirmed that, rather surprisingly, it nearly did, &(7) = -2.24,
p = .06. In neither of the marked groups was the difference between

the expected and obtained value for the effect of the marker signifi-

cant. For the marked-same group t(6) = -1.77, p > .10, and for the

marked-different group t(6) = 1.53, p > .15.

Discussion
This experiment provided much clearer support for the marking

hypothesis than any of the previous ones conducted for this thesis.

The results for percent correct were in line with predictions derived

from the hypothesis. The marked-same group performed best with a

level of responding that was higher than the control group®s and

significantly better than the marked-different group’s. It showed

an increase of 30 percentage points between the first and last blocks
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of delayed reward training compared with a rise of only 20 points for
each of the other groups. The result of the marked-different group
is interesting as it shows that following an incorrect response with

a marker on rewarded trials can depress performance below that of a
control group, (although the difference was not significant). It
should be noted that the differences between the marked groups cannot
be attributed to a difference in the timing of the marker. The
window procedure was successful in ensuring that the latency of the
marker following correct choices was very similar for each group.
Averaged over the first five sessions, the marker latency in the
marked-same group was 2.52 sec and in the marked-different group, 2.60
sec. (The subsequent divergence between the groups, with the average
latency for marked-same subjects shortening, can be attributed to an

increased response rate in those subjects.)

The number of correct responses also provided very clear evidence
of a marking effect. The substantially higher rate of responding in
the marked-same group clearly indicated that following a correct
response on rewarded trials with a marker facilitated learning about
tﬁat response.1

The pattern of results represented by number of incorrect responses
in each group, shown in Figure 20, fits slightly less well with the
predictions of the marking hypothesis. As expected the level of
incorrect responding was greater in the marked-different group than in
the control group though the difference was not significant. However
the rate in the marked-Scime group was as high as in the marked-
different group even during the final stages of the experiment. This
result is slightly surprising as one might have expected a higher

rate in the marked-different group because in that group a backward

See footnote 1 on page 178.
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scan through memory following reward should identify an incorrect
response as the causal or predictive one. This result will be
returned to and examined in greater detail in the discussion of

Experiment 11.

As well as providing evidence to support the marking hypothesis,
the results of Experiment 9 also make it difficult to sustain two
alternative accounts of how the marked-same group did better than
the control group. One such account, based on arousal, has been
introduced in discussions of earlier experiments by Davidson (1983) ,
Lieberman (personal communications, June 1983, September 1983),
Lieberman et al. (1979) , and Thomas et al. (1983) . IT the arousal
view was correct it would predict that learning in the two marked
groups should be the same. This is manifestly not the case and
Experiment 9 therefore confirmed that the arousal hypothesis is as
inappropriate in a visual situation as it has been shown to be in
spatial tasks. In neither situation is it a sufficient account of

the results.

A second interpretation of the relative performance of the marked-
same and control groups could be offered in terms of generalisation
decrement. As Mackintosh (1974, pp-406-407) stated, '"a response
which was established under one set of conditions will, by generalisa-
tion decrement, be less likely to occur when those conditions are
changed™. Applying this principle to the current experiment, it is
at least possible that the conditions of pretraining established some
unspecified behaviour that would retard learning during the subsequent
delayed reward training. If so, there could then be an advantage
to the marked—-same group compared with the control group when it came

to learning the discrimination as the introduction of the marker would
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represent a change in conditions between the two stages of the
experiment. Behaviour established by pretraining would consequently
be less likely to persist in the marked-same group. Two features

of behaviour that might develop in pretraining and which would inter-
fere with discrimination learning can be identified. The first is
that training with concurrent VI schedules, particularly of the same
value, can encourage switching behaviour (Catania, 1962; Herrnstein,
1961; Skinner, 1950) . Alternation of responses would make it more
difficult for subjects to learn through adventitious reinforcement.
Therefore if generalisation decrement reduced switching behaviour in
the marked-same subjects they would be able to benefit more from
adventitious reinforcement than control subjects. Direct evidence
against this version of generalisation decrement 1is provided by
inertial tendency data for the marked-same and control group. Although
on the Tfirst block of delayed reward training the inertial tendency
was higher in the marked-same group, 19.9 as against 17.1 in the

control group, the difference was slight.

A second, and more important feature of pretraining is that it
might have reduced attention to colour because colour was not relevant
to reinforcement at that stage. If learning that colour was
irrelevant was undermined by generalisation decrement arising from the
introduction of the marker, then this could help account for the

superiority of the marked-same group over the control group.

Once again however, the inclusion of marked-different subjects
provide an important comparison which indicates that a marking effect
is responsible for the difference between the results of the marked-
same and control groups. As with the arousal hypothesis, the

generalisation decrement account predicts that both the marked-same
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and marked-different subjects should benefit from the introduction of
the marker. The poor performance of the marked-different group,
which only rose above 50% correct towards the end of training is

therefore at variance with this account.

This discussion has so far examined the results of Experiment 9
in terms of predictions derived from the marking, arousal, and
generalisation decrement hypotheses. Although the results provide
clear support for the marking hypothesis, the learning found in both
the control and marked-different groups suggests that other factors
were also at work. The control group showed an improvement in
percent correct over the course of training, increasing from about
40% on the first block to 60% on the final block. The figures for
inertial tendency suggest a plausible explanation for this learning in
terms of adventitious reinforcement. Following choice responses,
(which were not identified in any way in the control group), subjects
tended to repeat pecks to the same colour and therefore their last
response on rewarded trials was more likely than not to be the same
as their initial response. The birds would thus receive adventitious

reinforcement of pecks to the correct colour.

A second possibility is that subjects were sensitive to the
correlation between responding and overall level of reinforcement in
each session and adjusted their pattern of responding so as to maximise
the number of rewards they received. Molar accounts of this kind
have been proposed by several theorists (for example, Baum, 1973;

Herrnstein, 1970; Nevin, 1979; Shimp, 1969).

The behaviour of the marked-different group also raises the
question of how learning eventually came to emerge in that group.

Although the percentage of correct responses remained around 45% over
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the first seven blocks of training, it did then rise to 60%. One
basis for improvement is suggested by the adventitious reinforcement
account outlined above. Given the presence of an inertial response
tendency in the pecking behaviour of the marked-different group, the
same mechanism could have operated as in the control group. A
second basis for marked-different group learning could have been the
molar sensitivity also described in the account of control group

learning.

The penultimate issue to be considered in this discussion is the
nearly significant difference between inertial tendency on trials and
pseudotrials in the control group. The finding that the inertial
tendency was greater during pseudotrials in control subjects was
rather surprising. The difference was discovered in an analysis
aimed primarily at examining the effect of the marker on inertial
tendency in the marked group and it was not anticipated that there
would be any divergence between trial and pseudotrial tendencies of
the control group. Clearly this difference cannot be attributed to
markers as none occurred in the control group. The most plausible
interpretation appears to be that the receipt of food at the end of
a trial somehow temporarily strengthened the tendency to repeat the
most recent response. This was then reflected in a stronger inertial
tendency on pseudotrials. A more refined analysis of inertial
tendency, comparing pseudotrials immediately following reward with
pseudotrials following nonrewarded trials, would shed light on the
plausibility of this account. Two questions would still remain
however, one concerning the mechanism for this effect, and the other

about why the effect was restricted to the control group alone.
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Marking in visual and spatial discriminations

The fTinal section of this discussion will look at the relation-
ship between the outcome of the current experiment involving a visual
discrimination and the spatial experiment conducted by Lieberman
(personal communication, September 1983) using an otherwise identical
design. In most respects the visual results replicated those of the
spatial version. In both experiments the marked-same group showed
the highest level of learning as measured by percent correct. The
number of correct responses by marked-same subjects increased sub-
stantially in both visual and spatial situations, doubling over the
course of delayed reward training. Incorrect responding declined
in each experiment, though the marked-same subjects maintained a
higher level relative to the control group in Experiment 9 than in

Lieberman®s experiment.

The marked-different groups in each experiment did significantly
worse than the marked-same group on the basis of percentage of correct
responses. The change in number of correct responses over sessions
was also similar for the two marked-different groups - each showed a
slight increase in rate of responding, and each finished training at
a level well below that of the marked-same group but above that of
the control group. The major difference between the two marked-
different groups occurred in terms of number of incorrect responses.
In Lieberman®s spatial experiment the rate of incorrect responding
rose slightly and was significantly greater than that of the other
two groups. In Experiment 9 the marked-different group showed a
decline in responding to the incorrect colour which was similar to
that of the marked-same group, (see Figure 20). Although towards the

end of training the incorrect response rate for the marked-different
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Marking in visual and spatial discriminations

The final section of this discussion will look at the relation-
ship between the outcome of the current experiment involving a visual
discrimination and the spatial experiment conducted by Lieberman
(personal communication, September 1983) using an otherwise identical
design. In most respects the visual results replicated those of the
spatial version. In both experiments the marked-same group showed
the highest level of learning as measured by percent correct. The
number of correct responses by marked-same subjects increased sub-
stantially in both visual and spatial situations, doubling over the
course of delayed reward training. Incorrect responding declined
in each experiment, though the marked-same subjects maintained a
higher level relative to the control group in Experiment 9 than in

Lieberman®s experiment.

The marked-different groups in each experiment did significantly
worse than the marked-same group on the basis of percentage of correct
responses. The change iIn number of correct responses over sessions
was also similar for the two marked-different groups - each showed a
slight increase in rate of responding, and each finished training at
a level well below that of the marked-same group but above that of
the control group. The major difference between the two marked-
different groups occurred in terms of number of incorrect responses.
In Lieberman®s spatial experiment the rate of incorrect responding
rose slightly and was significantly greater than that of the other
two groups. In Experiment 9 the marked-different group showed a
decline in responding to the incorrect colour which was similar to
that of the marked-same group, (see Figure 20) . Although towards the

end of training the incorrect response rate for the marked-different
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group was greater than that of the control group, tlie difference was

not significant in the visual discrimination experiment.

The basic relationship of the control groups to their respective
marked groups was consistent across experiments. Each control
group showed a reduction in the number of both correct and incorrect
responses, though the drop in correct responding was more substantial
in the visual experiment. On botli measures of behaviour the control

declined to a lower level than their respective marked groups.

The most salient difference between the control groups was in the
number of subjects that dropped out. In Lieberman®s experiment,
three out of fifteen control subjects stopped responding altogether
and a further three reached a very low rate by the end of training.
In the present experiment none of the control subjects dropped out.
(The number of subjects that stopped or nearly stopped pecking iIn the
marked groups in the two experiments was the same, and in all cases
only one or two per group.) Because of the high drop out rate and
variability in the control group compared with the marked groups in
his experiment, (and the consequent overestimation of the controls”
performance in percentage terms), Lieberman restricted his analysis
to the numbers of correct and incorrect responses. The differential
drop-out rate for the two control groups makes it impossible to
compare them profitably on the basis of percent correct. A reason
for the difference between control group drop-out rates is suggested
by considering the different implications of the spatial and visual
tasks for occasional, chance reinforcement. In the spatial experiment
subjects were reinforced in the training stage for choice responses
to the side that they had pecked least during concurrent VI training.
Therefore they were more likely to respond to the incorrect side

during the early sessions of the experimental phase and consequently
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4.3 EXPERIMENT 10

The marking hypothesis was supported by the outcome of Experiment
9. However, there was also learning in the control and marked-
different groups. Analysis of the data revealed an inertial
tendency in the response pattern of the pigeons and this, through
adventitious reinforcement, might have been the basis for learning in

the control and marked-different groups.

In this experiment the intention was to examine the role of
adventitious reinforcement in promoting learning and maintaining the
behaviour of the subjects. This was done by introducing a differen-
tial-reinfcrcement-of-other-behaviour (DRO)* interval at the end of
each trial and before the delivery of reinforcement, thereby
minimizing the possibility of adventitious reinforcement. Of special
interest was the impact of this upon the marked-different and control
groups. A drop in the performance of these groups would provide
evidence of the extent to which either (or both) were dependent upon
adventitious reinforcement for the learning that occurred in Experiment
9. An additional benefit of introducing a DRO interval was that it
would allow a clearer assessment of the influence of marking itself on
learning. A more rigorous test of the role of marking would be made

possible without the confounding effects of adventitious reinforcement.

Experiment 10 was run using the subjects from the last experiment
as a preliminary test of the consequences of imposing a DRO interval.

Each subject remained in the same group as in Experiment 9 and

N In a differential-reinforcement-of-other behaviour procedure
reinforcement is made contingent upon the non-occurrence of a
particular response. In most DRO schedules a reinforcer is
delivered after a specified period has passed since the last
response.
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continued to be rewarded for choice responses to the same colour. It
was recognised that the extensive training which the birds had
already received might have produced a level of learning that was not
susceptible to change as a result of the introduction of a DRO
interval. Alternatively, the high response rate which had been
established in the marked-same group might make it the most likely to
be affected by the addition of the interval. The control group,
whose responding had declined to a low level by the end of Experiment
9, might not come into contact with the DRO schedule. Despite these
potential problems, the experiment was still seen as one that might
provide a preliminary indication of the extent to which adventitious

reinforcement was responsible for learning.

The selection of the DRO schedule was based upon evidence on
changeover delays (CODs).” Studies by Catania (1966), Catania and
Cutts (1963) , and Herrnstein (1961) , and a review of the literature
by de Villiers (1977) suggested that a COD interval of between 1 and
3 sec is generally effective in ensuring that pigeons discriminate
between schedules in a concurrent procedure. For example, in Catania
and Cutts (1963) pigeons were trained in a two-key chamber with peck-
ing initially maintained by concurrent VI schedules of reinforcement.
If a pigeon was then transferred to concurrent Vl-extinction schedules,
pecking continued to the extinction key, albeit at a much reduced
rate. The maintenance of pecking to the extinction key was attributed
to accidental correlations of responses to that key with reinforcement
programmed for responses to the VI key, an effect which Catania and

Cutts called '"concurrent supersition'. However, if a COD of 1 sec

~ A changeover delay specifies the minimum period that must elapse in
a concurrent schedule situation before a response in one schedule
is effective after a previous response in the other schedule.
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was intirodiiced, snsuiring that a peck to the VI key was not irewairded
until at least 1 sec had passed since the pigeon moved to that key
from the extinction one, then very few responses were made to the
extinction key. Applying evidence of this kind to the present
situation suggested that a DRO of 1 sec would be appropriate initially

to substantially reduce the benefits of adventitious reinforcement.

Method
Subjects and apparatus
The same subjects were used as iIn Experiment 9 except for the
two birds which had dropped out during delayed reward training. The
subjects were housed and maintained under the same conditions as
previously, and the experiment was run using the same apparatus as in

Experiment 9.

Procedure
Delayed reward training. The subjects remained in the same groups
as iIn Experiment 9. Due to the dropping of two subjects the size of

both the marked-same and marked-different groups was reduced to seven.
The control group still contained eight birds. Each subject continued
to be rewarded for choice responses to the same colour as in the last
experiment, and the only change in training procedure was the intro-
duction of the DRO interval. On trials where a correct choice had
been made reinforcement was delivered after 10 sec only if no response
had occurred during the final second of the delay interval. If a
response had occurred, then the delay was extended, and continued to

be extended, until 1 sec had elapsed without any response. After the

Ffifth session of training the DRO interval was extended from 1 to 2 sec






155

Figure 23

Mean percentage of correct responses for the final block of
Experiment 9 and over blocks of three sessions for each group
in Experiment 10.
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Figure 24

Mean nuniber of correct responses for the final block of
Experiment 9 and over sessions for each group in Experiment 10.
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two groups which differed only slightly. A two-way analysis of
variance verified that there was a significant effect of groups,

F(2, 19) = 18.44, p < .001. Subsequent Newman—Keuls comparisons
confirmed that the marked-same group made significantly more responses
than the other groups, p < .01, and that the marginally higher
responding of the marked-different group compared with the control
subjects was not significant. Analysis of variance also revealed a
significant effect of sessions, F(14, 226) = 1.94, p < .05. Inspec-
tion of Figure 24 suggested that this may reflect the drop in marked-
same group responding during the middle of the experiment. Support
for this impression was derived from a trend analysis of the data which
showed that the quadratic trend approached significance, F(l, 19) =
3.68, p = .07. Finally, the Sessions ~ Groups interaction did not

reach significance, F(28, 266) = 0.79, p > .75.

Number of incorrect responses

The number of incorrect responses for the three groups in each
session is shown in Figure 25. Also shown in the figure are the
averages for the final block of Experiment 9. The response rate in
both of the marked groups was very similar and showed an initial
decline followed by a recovery towards the end of training. The
control group responded at a lower level and did not increase its rate
during the final blocks. Analysis of variance revealed the number
of incorrect responses was not in fact significantly higher in the
marked groups than in the control group, F(2, 19) = 2.65, p < .10.
The number of responses did vary over sessions, F(14, 266) = 2.61,
p < .01 and once again this appeared to arise from the low point in
responding about two-thirds of the way through the experiment. Trend

analysis supported this interpretation, as the quadratic trend was

significant, F(l, 19) = 9.18, p < .01.
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Figure 25

Mean number of incorrect responses for the final block of
Experiment 9 and over sessions for each group in Experiment 10.
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Discussion
The din of this Bxpcirincnt was to dsscss the role of adventitious
reinforcement in learning, particularly in the control and marked-
different groups. The introduction of a 1-sec DRO did not appear
to make very much of an impact upon the subjects® behaviour during
the first few sessions and it was accordingly increased to 2 sec

after the fifth session.

It was anticipated that the control group would suffer most from
the elimination of adventitious reinforcement and to some extent
this prediction was borneout by the results. The average number of
correct responses by control subjects on the final block of Experiment

9 was 190 and by the end of the present experiment this had declined

to 70. The number of incorrect responses also dropped between the
final sessions of Experiments 9 and 10, from 100 to 47. However, the
percentage of correct responses remained the same at 61%. On the

positive side though, it should be noted that after the addition of
the DRO contingency the general trend of an increase in percent
correct by the control group which was apparent in Experiment 9, (see
Figure 18), halted. The level of learning failed to reach that

shown by the marked-same group.

The marked-different group was also expected to be affected by
the DRO interval. The number of correct responses showed a sharp
drop between the last block of Experiment 9 and the first session of
Experiment 10 - responses went from 370 to 300. This decline
continued during part of the current experiment but then recovered
slightly to reach about 230 responses by the final session. A drop
in the number of incorrect responses also occurred over the first

half of this experiment and was followed by an increase towards the
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end. In the final session the response rate was 220 compared with a

figure of 280 in the last block of Experiment 9. in the marked-
different group the percentage of correct responses fell as predicted

though not by a substantial amount. Comparing the final block of the

last experiment with the final session of this experiment shows a

fall of five percentage points.

As expected the prevention of adventitious reinforcement had
least impact on the performance of the marked-same group. By the
end of training the number of correct responses, 710, was similar to
the level of 760 at the end of Experiment 9, though there was a fairly
AR drop halfway through training. The number of incorrect
responses fell more significantly from 280 to 230 at the conclusions
of Experiments 9 and 10 respectively. There was no decline in
percentage of correct responses which remained around 75%, (though

it should be noted that the upwards trend in Experiment 9 did not

continue).

Precise interpretation of the significance of this pattern of
results is not easy. The amount of training that subjects had

already received may have meant that the impact of eliminating

adventitious reinforcement was not the same as it would have been had

the DRO contingency been introduced with naive subjects. it is
difficult to be sure whether particular trends that were apparent in
Experiment 9, (for instance, the increase in percent correct shown
by the marked-same group and illustrated in Figure 18), would have
continued had the DRO interval not been added. On the other hand,
it is possible that the decline,for instance, in both correct and

incorrect responding by the control group in Experiment 10 was simply

a continuation of trends already obvious in the last experiment and

shown in Figures 19 and 20.
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Another problem is the recovery in the level of both correct and

incorrect responding in the marked groups after an initial Tfall.

One possibility is that the elimination of adventitious reward had

an initial impact that was eventually offset by a continued general

effect of marking upon pecking.

On balance though, despite these difficulties of interpretation,

the broad picture presented by the outcome of Experiment 10 is

reasonably consistent with the suggestion that adventitious reinforce-
ment played a part in the learning seen in the last experiment,
especially for the control and marked-different groups. Thus the

results provide some support for the adventitious reinforcement inter-

pretation .
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4.4 EXPERIMENT 11
Experiment 9 provided evidence that marking is a phenomenon that

occurs in visual as well as spatial situations. Analysis of the

data also showed that an inertial response tendency could have produced

learning through chance pairings of correct responses with reinforce-

ment. This adventitious reinforcement might have obscured the

extent of the effect of marking, in particular by promoting a higher

level of learning in the control and marked-different groups than

would otherwise have occurred.

In Experiment 10 a DRO interval was introduced in order to remove

adventitious reinforcement. The effects of this contingency were

difficult to predict and interpret as the subjects had already had

substantial experience with the discrimination. Therefore in this

experiment the same design was used except that the DRO contingency

was introduced from the beginning of delayed reward training.

Once again three groups of subjects were trained - marked-same,

marked-different, and control. The aim was to test the hypothesis

that adventitious reinforcement provided the basis for learning in

the control group and, possibly to a lesser extent, in the marked-

different group. Although it was expected that the DRO interval

might have some impact on response level and learning in the marked-

same group, the marking hypothesis would still predict that the group®s

performance should be better than that of the other groups and that,

with adventitious reinforcement substantially reduced, a marking

effect should be more apparent.
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Method
Subjects

The subjects were 27 adult Rock pigeons which were experimentally

naive at the start of the experiment. They were housed and maintained

under the same conditions as in previous experiments.

Apparatus

The same apparatus was used as in Experiment 9,

Procedure

— “az)Je traxning, shaping and pretraining. The same procedure was

used as in Experiment 9. Four subjects received two sessions of

concurrent VI 40-sec and only one session of concurrent VI 60-sec.

training. The subjects were divided into three

groups of nine subjects. As in Experiments 9 and 10, the groups

were called marked-same, marked-different and control.

The training procedure was the same as in Experiment 9 except

for two changes. One was the introduction of a 2-sec DRO interval

to prevent adventitious reinforcement. The Tirst response of each

trial was designated the choice response. Reinforcement was scheduled

for delivery 10 sec after a correct choice though it was delayed until

2 sec had elapsed since the last peck. The second change was that

subjects received 30, rather than 20, daily sessions of delayed

reward training.
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Results

Percent of correct responses

The percentage of correct responses averaged over blocks of four
sessions for each group is shown in Figure 26. However analysis of
variance was not performed on these data for two reasons. The First
was that on slightly over 10% of individual subject/sessions, the
subject made fewer than the 10 responses which had been set as a
minimum criterion for the calculation of percent correct. The second
was that the distribution of these very low response subject/sessions
across groups was uneven with over twice as many occurring in the
control group as in the marked groups put together. Therefore the
percentage of correct responses was not a reliable measure of per-
formance in this experiment and the analysis focused on the number of

correct and incorrect responses.

Number of correct responses
The numbers of correct responses averaged over three-session
blocks for each of the three groups are illustrated in Figure 27.
o°ups showed a sharp decline in responding during the Tfirst three
blocks. This fall continued in the control group but was reversed
in the two marked groups. By the end of training the level of
responding in the marked-same group was approximately twice that in
the marked-different group. A two-way analysis of variance was
carried out on the data presented in Figure 27 for the factors of
experimental treatments and trials. It showed that the groups
significantly in the number of correct responses, F(2, 24)
- 7.36, p < .01, and that the level of correct responding varied
across blocks, F(9, 216) = 8.00, p < .0001. The Blocks x Groups
interaction was also significant, F(18, 216) = 5.00, p < .0001,

confirming that the groups differed over blocks. A simple main
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Figure 26

Mean percentage of correct responses over blocks of three
sessions for each group in Experiment 11.
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Figure 26

Mean percentage of correct responses over blocks of three
sessions for each group in Experiment 11.
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Figure 27

Mean number of correct responses over blocks of three sessions
for each group in Experiment 11.
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effects analysis showed that the groups differed on Blocks 6 to 10

inclusively, Fs(@, 24) > 7.24, ps < .01, but not on the remaining

blocks. Subsequent Newman-Keuls comparisons indicated that on Block

6 responding was significantly higher in the marked-same group than

in both the marked-different group, p < .05 and the control group
p < .01. On Blocks 7 to 10 the marked-same group responded more

than either of the other groups, p < .01, and the marked-different

group had a higher response rate than the control group, p < .01.

Number of incorrect responses

Data for the number of incorrect responses averaged over blocks

of three sessions for each group are presented in Figure 28. Once

again there was a substantial fall in the number of responses by all

groups over the first three blocks. in subsequent blocks the down-

ward trend in responding was maintained only in the control group.

Both marked groups, which did not differ from one another, showed a

levelling out of responding and then an increase over the second half

of training. The data were subjected to a two-way analysis of

variance which revealed that the groups differed significantly in

number of incorrect responses, f (2, 24) =4.42, p < .05, and that

the level of responding changed across blocks, F(9, 216) = 25.83,
p < .0001. The interaction between blocks and groups was not signifi-
cant, F(18, 216) = 1.33, p > .15. Newman-Keuls comparisons were

subsequently made of the differences between groups and these showed
that incorrect responding was significantly lower in the control groyp
than either the marked-different group, p < .01, or the marked-same

group, p < .05.
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BLOCKS

Figure 28

Mean number of iIncorrect responses over blocks of three
sessions for each group in Experiment 11.
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The objective of this experiment was to examine the role that

adventitious reinforcement had played in promoting learning in

Experiment 9. The introduction of a DRO contingency rendered

adventitious reinforcement unlikely and allowed a more direct assess-

ment of the effect of marking.
A comparison of the total number of responses in Experiments 9

and 11 shows a lower level of responding in all groups in the second

of these experiments. This difference, which is apparent both for

correct responses (see Figures 19 and 27) and for incorrect responses

(see Figures 20 and 28), is found throughout the course of training.

Several factors could be responsible for the lower number of responses

in Experiment 11.

One possibility is that the baseline response rate in the two

experiments differed. Analyses of the data for the final session of

concurrent VI training show that this is not a satisfactory explana-

tion as the average rate in the present experiment was in fact

marginally higher than in Experiment 9, the figures being 1500 and

1300 respectively.

A second alternative is that the time period over which responses

were being recorded in this experiment was shorter. This could have

occurred if the trial duration had increased somewhat as a result of

the addition of the DRO contingency, thereby reducing the intertrial

interval period on which responses were based. However, evidence
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substantial.) In Experiment 9 the total intertrial interval times

for the marked-same, marked-different and control groups were 1500,
1500 and 1490 sec compared with 1401, 1412 and 1384 sec respectively
in Experment 11. Thus even on the session when the intertrial
interval procedure over which responses were recorded was reduced
most significantly relative to Experiment 9, the reduction only

amounted to about 7%. Therefore the change in the length of the

period on which the response measures are based is far too slight to

account for the observed fall in number of responses.

The third and most plausible explanation of the lower number of

responses in the current experiment is the impact of the DRO interval

and the resultant elimination of adventitious reinforcement. No

chance pairings of responses and food occurred which could help

maintain responding at a higher level (Dews, 1960)

A fourth factor that may have been operating as well as the DRO

contingency was an increase in the delay of reinforcement itself. if

responses did occur in the final two seconds of a trial and thereby
bring the DRO contingency into operation, then the resultant increase
in trial duration may have had an effect over and above that of the
DRO interval. Evidence that unsignalled delays of reinforcement can
lower the response rates of pigeons in free-operant situations has
been provided by several investigators (Richards, 1981; Sizemore and
Lattal, 1978; Williams, 1976). (Unsignalled delay of reinforcement
studies are more directly comparable to the present design than
signalled ones which normally involve a complete darkening of the
chamber for the duration of the delay.) However, these studies also

suggest that a floor effect is found with delays over the range 4 to

15 sec and possibly longer. The average trial durations for each
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group on Session 1 were 12.1, 12.5 and 13.0 sec for the marked-same,

marked-different and control groups respectively. Given that the

DRO contingency in this experiment did not extend the delay more than

three seconds at most beyond the scheduled 10 sec, it seems unlikely

that the reduction in response rates can be attributed to an increase

in actual delay of ireinforcement.

when the results of Experiment 11 are compared with those of

Experiment 9 they suggest that a substantial reduction in adventitious

reinforcement was responsible for a general lowering of the response

rate. The performance of individual groups can now be compared in

order to assess the contributions of adventitious reinforcement and

marking. m both experiments the level of learning was highest in

the marked-same group. In this experiment, as in the previous one,

the number of correct responses by marked-same subjects was signifi-

cantly greater than in the other groups (see Figures 19 and 27). it

is apparent that chance pairings of food with correct responses did

make a contribution to marked-same group learning in Experiment 9.

The substantial fall in number of pecks during the first three blocks

in the present experiment was not seen in Experiment 9, and the level

of responding reached as early as Session 12 in Experiment 9 was not

reached even after thirty sessions iIn Experiment 11. Indeed the rate

at the end of training in the latter experiment was only half that in

the former. However, despite this effect of adventitious reinforce-

ment, it is clear that marking was also at work. Although the number

of incorrect responses in the marked-same group was as high as in the

marked-different group, the substantially higher number of correct

responses in the marked-same subjects in Experiment 11 shows that
learning was facilitated by following responses by a salient event.

The increase in the number of incorrect responses after an initial
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drop is a problem that will be returned to in the discussion of the

marked-different group.

The introduction of a DRO interval had a strong effect on the

performance of the control group. As predicted, the elimination of

adventitious reinforcement substantially reduced both the number of
responses and the level of learning (as measured by the difference

between correct and iIncorrect response rates). in Experiment 9 the

average numbers of correct and incorrect responses in the final block

were 190 and 100 respectively. The equivalent figures for Experiment

11 were 10 and 10. This suggests that the primary basis for control-

group learning in Experiment 9 had been adventitious reinforcement.

The problem of the level of incorrect responding in the marked-

same group has already been identified - another aspect of the

outcome of this experiment that requires careful explanation is the

performance of the marked-different group. Application of the

marking hypothesis would suggest that the level of correct responding

should have declined in marked-different subjects because incorrect

responses were marked on reinforced trials. Two predictions could

therefore be derived from the marking hypothesis. First, the level

of correct responding should be lower than the level of incorrect

responding in the marked-different group. In neither Experiment 9

or 11 was this prediction fulfilled - in both the levels of correct

and incorrect responding were about the same. A second, though

weaker, prediction is that the number of correct responses in the

marked-different and control groups might be similar. In Experiment

9, the number of correct responses in the marked-different group was

in fact higher than in the control group towards the end of training

(see Figure 19). However, this difference was not significant and



173

it was therefore decided to defer discussion of the possible reasons
for it. In Experiment 11, the number of correct responses was once
again greater in the marked-different group, and this time the
difference was significant. This replication of a substantial rate
of correct responses in the marked-different group, (both relative
to incorrect responding in that group and to correct responding by
control groups), suggests that it requires explanation, particularly

as It occurred in an experiment free from the confounding factor of

adventitious reinforcement.

One explanation for the effect may lie with the invisible-trial
procedure used in this experiment. In the earlier, discrete-trial
and maze experiments (Fuller, 1981; Lieberman, personal communica-
tion, 1981; Lieberman et al., 1979; Thomas et al., 1983) the absence
of reinforcement at the end of a trial following an incorrect choice

was an easily discriminable event. As such, non-reinforcement could

be expected to have initiated a memory search that would identify the
marked choice response and facilitate learning about it. However,
with the invisible-trial design learning about choices on non-
rewarded trials is much more difficult as incorrect choices have no
readily identifiable consequences at the end of the delay. ©n
correct trials the two procedures are much more similar as in both
cases the presentation of food provides a significant event of the
kind likely to start a backward scan through memory store.) Thus in
the marked-different group being considered here, the correct response
which was marked on non-rewarded trials would be less likely to be
associated with non-reinforcement. Correct responding might there-

fore have been maintained at a higher rate than would have been the

case iIn an effective discrete-trial procedure.
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A second explanation for the maintenance of correct responding in
the marked-different group is suggested by consideration of the role
of the marker. So far the marker®s function on rewarded trials has
been discussed in terms of whether a correct, or incorrect choice
(depending upon the group) would be identified by a food-initiated
memory search. However, additional ways in which the marker might
have operated can be identified that would have kept up the level of
correct responding in the marked-different group. One possibility
is that an effect of the marker was simply to draw attention to the
act of pecking itself rather than as a response to a particular colour.
The backward scan through memory following food may have promoted
learning by marked-different subjects about pecking behaviour in
instead of (or as well as) about incorrect responses

general and reward,

and reward. This process could be called response marking in contrast

to the choice marking discussed up until now.

A second possibility suggested by a broader view of the role of
marking is based on evidence that pigeons can learn about sequences
of responses as well as single responses (see, for example, Fetterman
and Stubbs, 1982; Grayson and Wasserman, 1979). if marking of

response sequences could occur, then a pattern of alternating responses

would be strengthened in the marked-different group, thereby helping
to maintain responding to the correct colour. Alternation would be
strengthened because the sequence of pecks which preceded a marker
necessarily involved a change from correct to incorrect responding or
vice versa. This hypothesis could be tested by comparing the level
mengntial tendency in the two marked groups - one would expect a
iiigj~tial tendency in the marked-same group as in that group
sequences involving continued pecks to the same colour would be marked.

However, analysis of variance for the Experiment 9 data showed that
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in that experiment the two groups did not differ in inertial tendency,
a result which does not support the response—sequence marking

hypothesis.

~ ~trd explanation is available for the level of correct respond*

ing in the marked-different group relative to the control group. It
is based on the concept of "sensory reinforcement" used by Kish (1966,

p-110) to refer to "a primary reinforcement process resulting from the

response-contingent presentation or removal of stimuli of moderate

iritensity which cannot be subsumed under the categories of primary,
or secondary, appetitive and aversive reinforcement. Kish (1966)

reviewed a number of studies of sensory reinforcement which showed
that it could produce behavioural changes if made contingent upon

responses. For example, he reported that rats sometimes learned to

lever-press when the only result of the response was to turn on a
brief light. It may be that the marker used in this experiment also

had sensory reinforcing properties. IT this was the case, then a

sensory reinforcement account might help explain why correct respond-

ing (and, of course, incorrect responding which was also marked) was

higher in the marked-different group than the control group.

This discussion has therefore identified three processes that
might have been responsible for the fact that the number of correct

responses iIn the marked-different group was double that in the control

group toward the end of training. One possibility is that marking of
responding generally can occur as well as the marking of choice

responses to a particular colour. A second possibility is that

marking failed to reduce correct responding because the effects of
marking occur primarily on rewarded trials when an invisible-trials

procedure is used. A third hypothesis is that the marker acted as a
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sensory reinforcer and thereby helped maintain correct (and incorrect)

responding at a level above that in the control group.

As was noted earlier in this discussion, the number of incorrect
responses in the marked-same group was the same as in the marked-
different group and significantly higher than in the control group
(see Figure 27). According to the marking hypothesis one might
expect that incorrect responding by marked-same birds should fall below
that in marked-different subjects and reach a level close to that of
the control group. The reasons why this does not happen are suggested
by the analysis above of correct responding in the marked-different
group. One 1is a general facilitation of responding by marking,
another is the possibility that the marking effect occurs primarily
on rewarded trials when an invisible-trials procedure is adopted, and
a third is that the marker provides sensory reinforcement. All three
factors could have kept up incorrect responding by marked-same subjects.
A consequence of this would, incidentally, have been to depress the

performance of the marked-same group in Experiment 9 as measured by

control group.

This discussion has covered the general effect of the elimination
of adventitious reinforcement, the implications of the results for

marking, and some additional explanations of certain aspects of the
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is suggested by two aspects of the results. The first is that the

number of correct responses by the marked-same group reached a higher

level iIn Lieberman’s experiment than in the current one. By the final

block of the spatial experiment the response rate was about three

times itslevel in the first block, whereas in the visual experiment

the rate only doubled. This difference in performance cannot be

attributed to differences in either the initial response rate (which

was similar in both studies) or the length of training (which was in
fact shorter in the spatial experiment). However, it should also

be noted that the level of correct responding by control subjects was
also higher in Lieberman®s study than in the present experiment.

The average rate for the final three sessions of Lieberman’s experiment

was 70 responses compared with only 10 responses after a similar

number of sessions in this experiment. It is therefore possible

that this apparent divergence in the strength of the marking effect

reflects some more basic difference between responding in spatial and

visual situations. A final alternative is that the difference in

results is a chance effect attributable to random variation.

A second feature of the results that suggests a stronger spatial

than visual marking effect is the number of incorrect responses in the

marked-different group relative to the marked-same group. In

Experiment 11, the number of incorrect responses in the two marked

groups did not differ, in contrast with Lieberman®s experiment where

incorrect responding in the marked-different group was significantly

higher than in the marked-same group. (Inspection of the data shows
that the level of incorrect responding in the marked-same group was

about the same iIn Lieberman®s experiment and Experiment 11. The

divergence between the two experiments in terms of the relative

performance of the two marked groups® level of incorrect responding.
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is therefore attributable to a higher rate in Lieberman®s marked-
different group.) This finding implies that the effect of marking
an incorrect response on rewarded trials is more substantial in

spatial discriminations.

The almost identical number of incorrect responses on the final
block in the two marked groups makes it unlikely that the difference
in correct responses is due to the marker producing a general increase
in responding in the marked-same group.

A fourth potential explanation of the higher level of responding in
the marked groups relative to the control group is that the marker
became associated with reward and acted as a secondary reinforcer
for the response of pecking.
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4.5 GENERAL SUMMARY AND DISCUSSION
The major aim of the visual discrimination experiments reported
in this chapter was to test whether the failure to find marking in

Experiments 1 to 8 reflected a limit to the generality of the phenomenon,

or arose from the procedures which had been used. The successful

demonstration of marking in Experiments 9 to 11 with an invisible-

pPre*M®dure and the same red-green discrimination as in earlier

studies shows that the primary reason for previous failures lies with

the discrete-trial design. In all of these experiments the number

of correct responses by the marked-same group was significantly

greater than in the other groups.

Arousal and generalisation decrement accounts of the superior

performance of the marked-same subjects can be rejected. Both

hypotheses would predict that the level of learning found in the

marked-same and marked-different groups should be similar. In none

of Experiments 9, 10 or 11 was this the case and the results of these

studies can therefore be added to past demonstrations of the inadequacy

of arousal accounts of the marker (Lieberman, personal communication,

September 1983; Lieberman et al., 1979; Thomas et al., 1983).

The presence of an inertial response tendency was detected in

Experiment 9 and its role in learning was tested in the subsequent

experiments. Experiment 10, which involved a substantial reduction

in adventitious reinforcement by the introduction of a DRO interval,

provided preliminary evidence that chance pairings of correct responses

with food had played a part in learning in Experiment 9. A second

study with a DRO contingency. Experiment 11, showed that adventitious

reinforcement had been responsible for virtually all the learning

shown by control subjects in the first visual invisible-trials
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experiment. It also demonstrated that adventitious learning had made

some contribution to the performance of the marked groups.

The general pattern of results in these experiments, and in
particular the number of incorrect responses by marked-same subjects
and correct responses by marked-different subjects, suggests two other
aspects to the marking process. The first is that the benefits of
marking arise primarily on rewarded trials when an invisible-trials
procedure is adopted. When reinforcement is received it initiates
a scan of the subject"s memory store and this search is likely to
identify the marked response as a causal or predictive factor in
relation to food. With an invisible-trials procedure non-reinforcement
is less likely to produce a memory search. This situation contrasts
with that in a discrete-trials procedure where the non-delivery of
food at the end of a trial is probably much more obvious. This
analysis implies that subjects are not likely to learn about marked
responses on trials where an incorrect choice occurs, and may there-
fore account in part for the maintenance of incorrect responding in
the marked-same group and correct responding in the marked-different

group.

A second possibility raised by the results of these experiments
IS that the effect of marking is not only to facilitate learning about
correct and incorrect choices, but also about responding generally.

In some instances a backward scan of memory may fail to identify
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One other way in which the marker may have operated in these
experiments is as sensory reinforcer (Kish, 1966). As such, the
effect of the marker might have been to contribute to the higher
level of responding found in these experiments in the marked groups

relative to the control groups.

Some contribution to learning, particularly in the marked-

different group, may have arisen from a molar sensitivity by subjects

to the relation between their pattern of responding and the overall

level of reinforcement received in a session (Baum, 1973; Herrnstein,

1970; Nevin, 1979; Shimp, 1969).

A final point to emerge from the series of experiments reported
in this chapter concerns the comparison between visual and spatial
marking. it is possible to evaluate the effects of marking in
visual and spatial discriminations because the designs of Experiments
9 and 11, and Lieberman (personal communication, September 1983) and

Lieberman (personal communication, January 1984) respectively were

very similar. It is clear from these studies that marking produces

essentially the same effects in both types of discrimination. However,
the effect does appear to be stronger in spatial tasks. in
Experiments 9 and 11, the level of incorrect responding in the marked-
same and marked-different group was the same. In contrast, in
Lieberman®s experiments the number of incorrect responses was greater
in the marked-different subjects. As incorrect responding was marked
on food trials in the marked-different groups, these results imply

that the effect of the marker was greater in the spatial studies.
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were higher than in Experiments 9 and 11, However, the initial rate
at the start of training in Experiment 9 was lower than in the
comparable spatial experiment (Lieberman, personal communication,
September 1983) and the difference in terminal rates may reflect this
rather than a more powerful spatial marking effect. The evidence
provided by a comparison of Experiment 11 and Lieberman®s (personal
communication, January 1984) experiment is stronger. In the visual
study the rate of correct responding doubled over the course of
training whereas in the spatial study it trebled. The initial

response rate in the two experiments was similar.

The question of why marking might be greater in spatial than in
visual discriminations will be considered in detail in the final
chapter of the thesis. One possibility, however, is that the
difference iIn the marking effect reflects the relative salience or
novelty, or both, of the two markers used in the experiments just
discussed. In Experiments 9 and 11, the marker was a l-sec change
from red and green key illumination to white. Lieberman®s
experiments involved a change from white to red and green key illumina-
tion, also for 1 sec, as the marker and intuitively it appears at

least plausible that this represented a more salient or novel event.
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CHAPTER 5

CONCLUSION

5.1 GENERAL INTRODUCTION

The purpose of this research was to explore the phenomenon
reported by Lieberman et al. (1979) and Thomas et al. (1983) .
biGberman and his colleagues found an enhancement of learning in a
two““choice spatial discrimination task with rats if every choice
response was followed by a salient event. They proposed a marking
hypothesis to account for this result. The salient event, (which
was either being handled, a burst of white noise, or a flash of
lio~b), caused the subject to scan its memory for predictive or
causal cues. The cue most likely to be identified by this search
was the choice response that had immediately preceded it and which
was therefore marked in the animal®s memory by the additional atten-
tion and rehearsal it received. Later, when reward was given, a
second backward scan through the memory store was triggered and the

marked choice response was identified as the causal factor.

The research conducted for this thesis had three major aims.
The first was to demonstrate the generality of the marking
phenomenon. All the experiments carried out by Lieberman et al.
(1979) and Thomas et al. (1983) involved rats trained on spatial
discriminations in mazes. The experiments reported here used
pigeons in operant chambers and a visual discrimination problem.
The results show that marking can facilitate learning by pigeons in
a visual, operant discrimination but that an effect is not always
found. The second objective was to develop an automated procedure
for studying marking. Such a procedure would eliminate any

possibility of experimenter bias in the running of experiments. It
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would also be less time-consuming than work involving mazes. In
this objective the research was successful. The third aim of this
research was to investigate the marking effect more thoroughly once

a satisfactory paradigm had been found. Unfortunately the extent of
this investigation was constrained by the difficulties in obtaining

an effect in many of the experiments.

The next section of this chapter will summarise the results of
the experiments. This will be followed by a list of the conclusions
that can be drawn from this research. The remainder of the chapter
will be devoted to exploring the implications of this work and the
relationship between marking and other areas of research in animal

learning.
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All the experiments reported here involved the same red-green

discrimination. The basic results were as follows.

Discrete—trial 1 experiments

in Experiments 1 and 2 a 15-sec delay of reward was used. In
the first experiment choice responses were marked with a 2-sec
offset of the houselight and in the second with a combination of
houselight offset and a burst of white noise, also for 2 sec. In
each experiment both marked and control groups learned equally well.
However, in both groups the choice response turned off the
illumination on the non-chosen side of the key and this might have
inadvertently acted as a powerful marker, making the houselight-

offset and white-noise markers redundant.

In Experiment 3 this source of non-differential marking was
eliminated by not turning off either side of the key after a choice
response. The marked subjects showed no learning despite choice
responses being followed by houselight offset and white noise. In
the control group a little learning was found. This result implied
that the offset of the non-chosen side of the key might have been

responsible for the learning observed in Experiments 1 and 2.

Experiment 4 examined more directly the role of the darkening

of the non-chosen side of the key. Did it act as a salient event

that initiated a memory search, or did it facilitate learning through
a non-marking process involving perceptual focusing as a result of
additional exposure to the chosen colour? Three groups were used.

Learning in the whole-key-marker group - where the key was completely
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darkened immediately after a choice response - and in the control

group did not differ. The best performance was found in the

half-key-marker group. From this result it was concluded that

learning had been produced in this group of experiments as a
consequence of perceptual focusing rather than marking. Following
choice responses with a burst of white noise or the offset of the
houselight, (or keylight change as such), did not facilitate learning
relative to control subjects. Habituation to the markers or
elements of the markers might have been responsible for their

failure to promote additional learning in Experiments 1 to 3.

Piscrete-trial 11 experiments
One of the reasons for the failure to obtain marking in the
first set of experiments might have been that the problem used was
simply too hard, and so in the next series of experiments the delay

of reinforcement was reduced from 15 to 6 sec. In addition, the

duration of the marker was changed from 2 to 0.5 sec in order to

minimise the possibility of marking more than one peck to the key.

In Experiment 5 the marked group, iIn which choice responses
produced a darkening of both keylight and houselight for 0.5 sec,
did consistently better than the control group. However, the

difference in performance was not significant.

Experiment 6 was an attempt to improve upon the design used in

the preceding experiment. A new marker was adopted in which key

illumination changed from red and green to amber for 0.5 sec

following a choice response. In all previous experiments the key

Illumination in both groups changed from red and green to white at
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some point during the delay interval. This change might have

functioned as an adventitious marker, thereby depressing marked

group performance and enhancing control group learning. This

possibility was eliminated in Experiment 6 by maintaining red and

green stimuli until the end of the delay. Learning was found in

both groups but the control group did significantly better than the

marked group - a counter-marking effect. Adventitious reinforce-

ment produced by an inertial response tendency was seen as a

probable basis for control group learning. The poor performance of

the marked group might have been produced by the amber marker

interfering with memory for the discriminative stimuli, or by the

marker disrupting inertial responding.

Experiment 7 incorporated the markers from Experiment 5 - the

blackout - and Experiment 6 - the amber Tflash. The most

substantial improvement in iJerformance was found in the blackout-

marker and control groups, with blackout-marker subjects doing

marginally better towards the end of training. The increase in

percent correct was lowest in the amber-marker group, though this

result was difficult to interpret as its starting point also

differed from the other two groups. The results suggested, however,

that the amber marker might be peculiarly damaging to learning

because of colour interference.

Experiment 8 involved an attempt to enhance the effect found in

Experiment 5. The change in key illumination during the delay was

reintroduced. The same marker as in Experiment 5 was used except

that a 0.5 sec flash of the magazine light was added in order to

enhance the marker®s salience. Learning was found in both groups

and the marked group did not differ from the control group.
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The results of these experiments suggested that either the

procedure was inappropriate in some way, or that marking was

limited to spatial tasks. The purpose of the next set of experi-

ments was to clarify the issue by investigating visual discrimina-

tion learning using a different procedure.

Invisible-trial experiments
In these experiments trials were not identified as such by the
onset and offset of the discriminative stimuli. The key remained

lit with the red and green stimuli for the entire session except

during markers. The marker used was a change in key illumination

from red and green to white for 1 sec. Markers were presented

during a window from 2 to 9 sec after a choice response. Three

groups were employed iIn each experiment. In the marked-same groups,

the marked response was the same as the choice response. in the
marked-different groups, the marked response was different from the

choice, and in the control groups, no markers were presented.

In Experiment 9, the marked—-same group did substantially better

than the other two groups. Learning was, however, also found in

the control and marked-different groups. An inertial response

tendency was found in all groups.

Experiment 10 was a preliminary investigation of whether control

and marked-different subjects might have learned in the preceding

experiment as a result of adventitious reinforcement. A DRO interval

was introduced to reduce substantially chance pairings of responses

with food. The results were in line with predictions derived from

the adventitious reinforcement hypothesis.

%
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Experiment 11 replicated the last experiment using naive

subjects. It confirmed that adventitious reinforcement was the

major factor determining control group behaviour and that it played

a part in the performance of the marked groups. The marked-same

group clearly showed, however, that a marking effect was also in

operation.
These experiments indicated that visual marking occurs and that

the primary problem in Experiments 1 to 8 was the procedure used.
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5.3 SUMMARY OF CONCLUSIONS

The major conclusions which can be drawn from this research are

summarised below. The experiments that provide support for each

conclusion are listed in brackets.

Marking is found in visual discriminations (Experiments 9 to

11) .

Marking can occur when pigeons are used as subjects (Experiments

9 to 11).

Marking can be demonstrated in the operant chamber (Experiments

9 to 11).

Following choices with a salient event appears to mark not only
the particular choice response but also responding more

generally (Experiments 9 to 11).

Marking may occur primarily on rewarded trials when an invisible-

trials procedure is used (Experiments 9 to 11).

Visual marking may be weaker than spatial marking (Experiments
9 to 11 and Lieberman, personal communications, September

1983, January 1984).
Marking does not always facilitate learning (Experiments 1 to 8) .

A counter-marking effect is sometimes found when a choice

response is followed by a marker (Experiment 6, maybe Experiment
7, and possibly Experiment 3). This effect might be attributable
to colour interference between the stimulus used as the marker

and the discriminative stimuli.
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9. Pxgeons can show an inertial tendency in their responding

(Experiment 9) which leads to adventitious reinforcement.

This can provide a basis for discrimination learning with

delayed reward (Experiments 7, 9, 10 and 11).

This research therefore demonstrates the broad generality of the

marking phenomenon whilst suggesting limits to the circumstances in

which an effect will be found. Several questions are raised by the

results presented here, both in relation to one another, and in

contrast with the findings of other investigators. These questions

will be addressed in the remaining sections of this chapter.
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5.4 DISCRETE-TRIAL AND INVISIBLE-TRIAL PROCEDURES

In the first eight experiments, using various discrete-trial

procedures, there was a failure to obtain a significant marking

effect. In Experiments 6 and 7, (and possibly Experiment 3), a

counter-marking effect was found with performance in the marked group

actually below that in the control group. However, a clear marking

effect was found when an invisible-trials procedure was adopted in

Experiments 9 to 11. This discussion is primarily aimed at trying

to identify why this disparity between the results with discrete-

and invisible-trial procedures might have arisen.

One possibility which is suggested by the outcomes of Experiments

9 to 11 is that marking did occur in the early experiments but that

its effects were obscured by the measure of learning which was used.

In Experiment 9, for instance, the performance of the marked-same

and control groups as measured by percent correct (see Figure 18)

did not differ substantially. However, when the number of correct

responses was considered (see Figure 19), then the superiority of the

marked-same group was clearly apparent. in Experiments 1 to 8 the

only measure of learning used was percent correct, and that measure

was based only on choice responses and not the wider data-base used

in the analysis of invisible-trial experiments. In order to examine

whether a marking effect emerges in the earlier studies if changes

in the reponse rate are calculated rather than percent correct

choices, an analysis was made of the average number of correct

responses per session in Experiment 5. This experiment was chosen

because it came closest to revealing a marking effect even as

measured by percentage of correct choices. Unfortunately data were

only available for the first half of the delay interval, but on this



193

basis the level of correct responding was in facthigher in the

control than the marked group, with 250 and 220 responses respec-

tively. Therefore the failure to find a marking effect in the

discrete-trial experiments does not seem to be an artifact of the

learning measure used.

The failures iIn Experiments 1 to 8 seem slightly more surprising

perhaps in the light of another point which emerged during the

analysis of the invisible-trials procedure, where it was suggested

that the benefits of marking occurred primarily on rewarded trials.

In the discrete-trial studies one might expect marking to be

effective on rewarded and non-rewarded trials as both food and the

absence of food were clearly discriminable events at the end of a
anything this should have helped produce a clearer

marking effect in discrete-trial experiments.

Why then was marking found when an invisible- but not a dicrete-

trial procedure was used? The difference in performance is clearly

not attributable to the discrimination that subjects were required

to learn. in both sets of experiments the same red-green problem

was used.

One possible reason is that the red and green discriminative

stimuli were present at the end of trials in the invisible-trial

experiments but had been replaced with white illumination in most

of the discrete-trial studies. Reinstatement theories of the kind

proposed by Spear (1973, 1978) and arguments based on generalisation

decrement would suggest that maintaining the same stimuli at the

time of choice and reinforcement should help learning. Two points

can be made about this approach. The first is that it simply

predicts better learning in both marked and control group and fails
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to explain why markers did not facilitate the performance of marked

subjects relative to controls. A second problem with this approach

is that in two discrete-trial studies - Experiments 6 and 7 - the
red and green cues were maintained until the end of the delay and
still no significant difference between marked and control groups

was obtained.

Another difference between the two sets of experiments was in

the training given before the delayed-reward stage. A number of

ways can be identified in which the magazine training and pretraining

stages of the discrete-trial experiments might have acted to reduce

the novelty of the marker and perhaps thereby devalued its effective-

ness. in Experiments 1 and 2 subjects had early experience of white

noise as background masking and the offset of the houselight during

the food deliveries. A consequence of this experience might have

been to reduce the impact of the houselight-offset marker in the first

experiment and the compound of houselight-offset and white noise in

the second. The same compound marker was employed in Experiment 3

and although subjects had not been exposed to white noise before the

experimental phase, they had experienced the offset of the houselight

many times. m Experiment 4 the group of interest is the whole-key-

marker group in which choice responses were followed by the

immediate darkening of the response key for 3 sec. (The half-key-

marker group is not relevant as learning can be attributed to

perceptual focusing in that group.) The novelty of this marker is

likely to have been reduced by the procedures used in magazine

training and autoshaping, both of which involved many changes in key

illumination. During the pretraining stage subjects were also

exposed to darkening of the key between trials.
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In each of the remaining discrete-trial experiments the same
magazine training, autoshaping and pretraining procedures were
adopted as in Experiment 4. Therefore in so far as change in the
illumination of the key was an aspect of the markers used in
Experiments 5 to 8, the effectiveness of those markers might have
been undermined by this experience. However, as the markers used
in Experiments 5, 7 and 8 contained elements other than the darkening
of the response key, this analysis offers at best only a partial
explanation of the Tfailure to obtain a marking effect. (In Experi-

ment 6 an amber marker was used and this may have produced colour

interference.)

To the extent that the interpretation offered above of the
impact of early experience upon the effectiveness of the marker is
correct, then the pretraining provided in the invisible-trials

experiments was ideal. The marker used was a change in key illumina-

tion from red and green towhite for 1 sec. Prior to the presen-

tation of markers in delayed-reward training, the subjects had no
experience of either change in the state of the response key (except
for the onset and offset of the stimuli at the beginning and end of
concurrent VI sessions), or white illumination of the key. The
marker was therefore more likely to be effective than it had been in

discrete-trial experiments.

A more general implication of the above discussion is that it
would be interesting to see whether the markers used in the discrete-
trial studies were effective in facilitating learning in an invisible-
trial situation. Tests of this kind would not only be valuable in

assessing the extent to which the markers used in Experiments 1 to

8 were responsible for the failure to obtain marking. In the case
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of off-the key markers such tests would also allow the identification

of events that could be more readily used in a range of further

experiments on, for instance, the effect of exposure to the marker

before training. a difficulty with on-the-key markers, (such as the

change to 1 sec of white illumination used in Experiments 9 to 11) ,

in, say, a test of the consequences of marker pre-exposure is that it

IS not possible to determine precisely the extent to which subjects

have attended to them.

None of the factors considered so far has provided a comprehen-
sive explanation for the divergence in marking between the two

procedures. The familiarity of the marker might have been a factor

contributing to the poor results obtained in some of the discrete-

trial experiments, but as was indicated above, it cannot account for

the failure to obtain marking in all of these experiments. Perhaps

a more important factor is that the red and green stimuli remain on

the response key throughout the session in the invisible-trial

procedure but not,of course, in the discrete-trial experiments. It

may be that the onset of the discriminative stimuli at the start of

a discrete trial attracts the subjects®™ attention at a high level in
both control and marked groups. If this is the case, then the
attention paid by the subject to a choice response shortly afterwards
might be at a ceiling such that the presentation of the marker does
not promote any further attention or rehearsal. This proposal
receives some support from informal observation by the experimenter

that the latency to respond following the start of a trial was very

short. (Unfortunately the latency of the first response was not

recorded by the equipment.)

Indirect support for this view is provided by the primacy effect
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consistently found in studies of human short-term memory. it has

been shown by Keppel and Underwood (1962) that the item presented

on the first trial of an experiment is learned or remembered (or

both) better than subsequent items. A primacy effect on degree of

learning about the first item has also been demonstrated by Wickelgren

and Norman (1966) . The first response in a discrete trial might

benefit similarly.

A related way in which a discrete-trial procedure might help

learning is suggested by studies of short-term memory that have

revealed a phenomenon called release from proactive interference

PD). (The term proactive interference is used to refer to the

effects of prior learning on subsequent learning.) The effect of

Pl can be removed if the type of item used iIn a memory experiment is

changed after a series of items of one kind. Memory for the first

Item of a new category is much improved (Loess, 1968; Wickens, Born

and Allen, 1963). A substantial release from Pl has also been found

simply by waiting for a short time between memory trials (Peterson

and Gentile, 1965; Loess and Waugh, 1967; Kincaid and Wickens, 1970).

Thus In a discrete-trial situation the onset of discriminative stimuli

may help all subjects (even if a choice response does not necessarily

follow shortly) by breaking up responses into separate groups, the

Ffirst one of which is learned about well. The marker, therefore,

may not be able to provide any further enhancement of learning.
In contrast with the discrete-trial procedure, in invisible-

trial experiments the choice response is not preceded by any change

in key illumination and, as far as the subject is concerned, will

simply be one in a very long series of pecks. One might therefore

expect the presentation of a marker to have much more effect upon the

subjects”™ attention.
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one way to test this hypothesis would be to vary the duration of

the period between the onset of the discriminative stimuli and the

marked response. if this analysis of the difference between the

level of marking in the two procedures is correct, then one would

anticipate that the longer the period of exposure to the stimuli

before a response is marked, the greater the facilitation of learning

by the marker.
An alternative, or complementary, factor might be the number of

responses that occur before a marked response. Discrete-trial

marking may be less effective because a marker following the first

response of a series may be less surprising than one which follows a

number of non-marked responses. The latter situation will prevail

with the invisible-trials procedure.
In conclusion, the pretaining procedures used in the discrete-
might have devalued the markers subsequently used

whereas no such problem appeared possible in the invisible-trial

experiments. However, the major factor that might have removed any

benefit of marking in the experiments 1 to 8 is the attention-

attracting properties of the onset of the discriminative stimuli at the

start of each trial. This might have significantly assisted learning

in the controls and thus made it substantially harder to uncover any

facilitating effect of marking.
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5.5 VISUAL AND SPATIAL MARKING

A pattern which has emerged from studies of marking, including

those reported here, suggests that it may be more difficult to

obtain a marking effect with visual discriminations than spatial

ones. In order to provide a basis for an examination of why this

divergence between visual and spatial marking might occur, the

relevant evidence is first reviewed.

The experiments performed to investigate marking (or which have

involved designs susceptible to a marking analysis) fall into three

categories. The first is composed of studies with rats in mazes,

the second with pigeons iIn operant chambers using discrete-trial

procedures, and the third also with pigeons in operant chambers but

using an invisible-trials design.

To begin with the first category. Lett (1973, 1975) has

reported that rats can learn a spatial discrimination in a T-maze with

delays as longas 1 hour. Lett marked her subjects by handling

following choice responses. Using a similar procedure to Lett

(1973), Lieberman et al. (1979, Experiments 1 and 2) confirmed that

marked rats could learn a spatial discrimination with delays of 1 min.
Five further experiments by Lieberman et al. (1979) and Thomas et al.
(1983) also showed learning over delays of 30 sec, 1 min and 2 min
in several different mazes (see Figure 1 for the basic layout).

In total, these experiments suggest that spatial marking is a highly

~®liat)le phenomenon with rats in mazes.

The picture with visual marking is much less consistent. Lett
(1974) reported that rats could learn a visual discrimination in a
T-maze with a 1-min delay of reward. In Lett (1978), she Tfurther

However,

reported learning with delays ranging from O to 240 sec.
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doubt was cast on the reliability of the effect by Roberts (1976)

who reported a failure to replicate Lett’s (1974) finding of learning

with a 1-min delay of reinforcement. Subsequently, Lett (977)

reanalysed Roberts” (1976) data and claimed that in fact his results

did show learning in the group that precisely repeated her original

design. In his reply to Lett, Roberts (1977) argued - convincingly

in my opinion - that she had used a questionable statistical procedure

to reanalyse his results and that anyway, if she was correct, then it
simply showed that the learning she had reported arose from the use

of odour cues. The essential conclusion from this debate for the

present discussion is that handling after choice responses does not

reliably facilitate visual discrimination learning by rats. In

the three undisputed groups contained in Roberts” (1976) study, no

learning was found despite marking of responses.

Further doubt was cast on the reliability of visual marking by

Young (1979) and Coward (1980). m one experiment using the same

basic maze as in Thomas et al. (1983) and a 1.5-sec burst of white

noise as a marker. Young found that rats could learn a black-white

discrimination despite a 30-sec delay of reinforcement. However,

he was unable to find learning in either marked or control groups

with a discrimination between horizontal- and vertical-black stripes
on a white background with the same delay. Coward (1980) then
attempted to replicate Young’s first study very closely but found no

learning in either marked or control groups.”

The difference in the marked-group results between Young’s (1979)
first experiment and Coward’s (1980) study might in part be accounted
tor by the fact that Young used two markers - one after the choice
res™nse and the second at the end of the delay - whereas Coward only
roiiowed choice responses with a marker. A potential difficulty
with this analysis is that the control group showed an improvement in

oung s study but not in Coward’s. However, inspection of the learn-
ng curves of the two control groups suggests that the initial colour
preference was much stronger in Young’s subjects. Therefore their
Change in percent correct, (from about 10% to 40% over the course of
training), might simply reflect the loss of this preference rather
than learning about which colour is correct.
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The second category of experiments is those peformed with pigeons
using a discrete-trial procedure. in Experiments 1 to 8 of this
thesis, no significant marking effect was found even though in all
hut one experiment the task was clearly capable of solution as
learning occurred. On the other hand with a spatial discrimination
and essentially the same design. Fuller (1981) and Lieberman (personal
communication, 1981) found better learning in their marked subjects

than their controls.

The final category of experiments involves pigeons trained with
an invisible-trials procedure. As the general discussion at the
end of Chapter 4 indicated, there appeared to be a stronger marking
effect in Lieberman®s (personal communications, September 1983,

January 1984) spatial experiments than in Experiments 9 and 11.

A part of the reason for the disparity between spatial and
visual situations might lie with the relative difficulty of the two

types of problems. Mackintosh (1974, p.604) reported that spatial

tasks are typically easier than visual ones, a view confirmed by
Bitterman (1965) and Bullock and Bitterman (1962). If Roberts (1976,
1977) is correct, then there really is little evidence of learning,

let alone marking, in visual discrimination problems with rats over

long delays. The first Young (1979) experiment might represent a
rare demonstration of learning in an adequately controlled design.

However, the relative difficulty of visual and spatial tasks is only

adequate as an explanation for the divergence in marking effects in

so far as the visual problems used are too difficult for any learning.
Discriminations of that kind may be such that even following choice
responses with salient events does not promote solution of the problem.

However, in so far as learning occurs, (as it clearly does in the
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pigeon experiments), then some other factor is required to explain the

apparently stronger spatial marking effect.

One possibility is that the markers used in the spatial experi-
ments were more salient or novel. Whilst this might have been true
for the pigeon, invisible-trial experiments, (where a 1l-sec flash of
red-green key illumination was used in the spatial studies and a flash
of white illumination in the visual task), it is clearly not
applicable in the rat experiments where handling was used in both

spatial and visual situations.

An alternative account which was proposed in the conclusion to
Chapter 3 is that subjects might generally have coded problems
initially in spatial terms. By the time they came to attend to the
relevant dimension in visual discriminations, the effectiveness of
the marker might have been reduced as a result of repeated presenta-
tions. Analysis of the pretraining behaviour of the pigeons,
however, did not support this interpretation as the subjects displayed
visual as well as spatial preferences from the outset. A review of
the literature on visual discrimination learning in rats by Mackintosh
(1974, pp-571-573) suggests that rats usually initially respond on the
basis of position. But he concluded that some learning does occur
to visual stimuli even while animals are responding to position. This
implies that marking should still proceed during the early stages of
visual discrimination learning in rats, but that it may be less
effective than in the initial stages in spatial tasks. Thus, if
repeated exposure to the marker does reduce its effectiveness, then
one might expect to find a somewhat weaker marking effect in visual

than spatial problems when rats are used as subjects.
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A nioiTG powsjrfuX gGnoirsl explanation of the divergence between
the two types of discrimination is suggested by a consideration of
the cues available to the subjects. In all of the visual discrimina-
tion experiments irrelevant spatial cues were necessarily present.
Marking might therefore have Tfacilitated learning about irrelevant
spatial cues instead of, or as well as, about relevant visual cues.

In contrast, in all of the spatial discrimination tasks discussed
above there were either no salient visual cues, as in the split-key
apparatus used by Fuller (1981) and Lieberman (personal communica-
hions, 1981, September 1983, January 1984) in which the halves of the
key were lit white, or th« visual cues were redundant relevant
stimuli (Lett, 1973, 1975; Lieberman et al., 1979; Thomas et al.,
1983). In the latter experiments marking of visual cues would not
impair learning as they were relevant to the discrimination. in
Lieberman et al. (1979), for example, the left side-arm of the maze

was always black and the right always white.

This discussion suggests that more experiments need to be
conducted before it is concluded that the spatial marking effect is
inherently stronger than the visual marking effect. In particular,
it would be informative to introduce irrelevant visual cues into
spatial tasks in order to allow more controlled comparisons of visual
and spatial marking. For example, irrelevant red and green stimuli
could be added to the designs used by Lieberman (personal communica-
tions, September 1983, January 1984) and the results compared with
those obtained in Experiments 9 and 11. Incidentally, a change of
this kind would allow the same marker to be used in both visual and
spatial versions thereby allowing a highly controlled comparison to

be made.
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5.6 MARKING AND WAGNER®"S REHEARSAL MODEL
An interesting issue raised by marking is its relationship to

current models of information-processing in conditioning. One such

theory that has been highly influential is Wagner®s (1976, 1978, 1979,

1981) model of animal short-term memory (STM) and his account of the

role of STM iIn the formation of associations. His model includes

the following assumptions.

1. Short-term memory has a limited capacity.

2. Permanent associative connections are developed between represen—
t™tive elements only to the degree that the elements are jointly
active in short-term memory.

3. Events are maintained in memory through a rehearsal or memory-
maintenance process.

4. Surprising or unexpected events are subjected to different
degrees or different "levels" of processing than are expected
events. Surprising events are more likely to be "rehearsed"
or maintained iIn a primary, Al, state, than are expected events.

5. In engaging the rehearsal mechanism, surprising events take up
limited capacity short-term memory and displace other

representations.

Wagner also defines a surprising or unexpected event as one that
is not predicted by the total aggregate of ones that precede it.
Expected events can be prerepresented in short-term memory as a
result of the retrieval action of other antedating stimuli that they

are associated with, or by the recent presentation of the same event.

How do the various elements of the marking situation fit into the
framework provided by Wagner? His model has been framed in terms of

classical conditioning and the way in which CSs and USs become
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associatod togBther, However, there seems to he no good reason why
responses should not be represented in STM in the same way as stimuli.
IT this extension is accepted, then Wagner"s model suggests that a
response activates a representative mode, or set of memory elements,

just as stimuli do (Wagner, 1981, p.9).

It is clear that Wagner®"s definition of a surprising event — one
that is not predicted by the total aggregate of ones which precede it
- encompasses markers. The markers used in Lieberman et al®"s (1979)
experiments - handling, white noise, and a light flash - were not
events that the choice response or the side arms of the maze predicted.
In particular, those markers which were least familiar and certainly
least expected in the context of the maze, (the white noise and light
flash), were the most effective. Similarly, the change in key
illumination from red and green to white used as a marker in Experi-
ments 9 and 11 was highly novel. Before the training phase subjects
had very limited experience of changes in the state of the key and had

never seen it lit with white light.

Given that markers are surprising events in Wagner"s terms, how
might they be expected to operate? Thomas et al. (1983) took the
view that '""the model predicts that a marker should hamper learning
because it will interfere with rehearsal of the preceding response™.
This interference effect will occur because rehearsal capacity is
limited, so that any processing given to a surprising event such as a
marker will reduce the processing capacity available for the preceding
response, and thereby lower the probability of the response being
remembered. In the language of Wagner®s (1981) most sophisticated
version of the model, the marker will displace some elements of the

response mode from the primary (Al) state of activity in STM. in

Woeee
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control subjects there is no marker to produce such a displacement and

the response node will remain in the primary state for longer.

Though the memorial implications of Wagner®s model for marking
seem quite clear, the picture concerning the formation of associa-
tions is less obvious. Two predictions do seem to follow with some
certainty from the 1981, SOP version of the model.

1. The marker enters into an association with choice responses
because there is conjoint processing of the Al state of the
choice response node with the Al state of the marker node.

2. The marker will enter into associations with both correct and

incorrect choices as it follows all choice responses.

A number of other deductions from the model may be possible and
some of these are listed below.

1. The excitatory association formed between the correct response

~i~forcement will be less in the marked condition than the
control one because the marker will reduce the level of Al
activity produced by the correct choice, as explained above.

2. On correct choice trials, the marker will, by virtue of its
association with the incorrect choice, promote the incorrect
choice node into a state of secondary, A2, activity. To the
extent that this activity continues until the reinforcer is
delivered, an inhibitory association will be formed between the
incorrect choice and the reinforcer. In the control condition,
there is no marker to evoke a representation of the incorrect
choice on correct trials, and therefore inhibitory learning

will be less.
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3. The marker may enter into an excitatory association with the
reinforcer to the extent that elements of its node are still in
an Al state by the time the reinforcer is presented (though this
also depends upon the level of marker A2 activity at the end of
the delay which determines inhibitory conditioning) .

4. If the marker does form an excitatory association with the
reinforcer, then it will "prime" some of the elements of the
reinforcer mode into an A2 state (Wagner, 1981, pp-I11 and 39)
thereby possibly reducing the level of Al activiation when the

reinforcer itself is presented.

What is obvious from this discussion is that it is very difficult
to determine what the net effect of the marker will be in associative
terms. Much depends upon the precise parameters that are, one,
adopted to describe the probability with which elements enter into
particular states of activation and, two, used to determine the rate

of decay of those elements.

It is impossible at this time to derive any predictions from
Wagner®s model about the relationship between the marked and control
conditions in terms of the formation of associations. It does,
however, seem apparent that a marker should be damaging to memory for
the response according to the model. In order to reconcile this
with the facilitation of learning found in marking, Thomas et al.
(1983, p-.410) propose a possible change to the rehearsal model.

They suggest that
""the reduced amount of available processing is not necessarily
redistributed equally over the set of events concerned. In
particular, if an event with some special relationship to the

salient stimulus (e.g., contiguity, similarity) receives a

larger share of the reduced eimount of processing, then this

event could actually receive more processing rather than
less following a salient stimulus".
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An amendment of this kind might involve the kind of controlled
processing routines, mentioned by Wagner (1981, p.43), that can
produce a transition of selected memory nodes from an A2 to an Al

state by an act of attention.
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5.7 MARKING AND RESPONSE OVERSHADOWING

In marking, following a rospons®© with a brief stimulus facili-
bates the learning of an association between that response and
reinforcement. However, in some other situations the addition of
n stimulus interferes with learning. One such effect has been
reported by Pearce and Hall (1978) who investigated the effect of
giving rats an occasional brief response-contingent stimulus while
lever pressing for food on a VI schedule. They found that if the
stimulus occurred only on rewarded responses, then the response rate
was lowered relative to a condition in which the stimulus was
presented just as often but uncorrelated with reinforcement. Lever
pressing in the uncorrelated condition was at the same level as in
control subjects which simply received reinforcement on the same
schedule but without the response-contingent stimulus. A similar
finding was reported by St. Claire-Smith (1979a) who also demonstrated
an analogous effect with rats punished for level pressing on a fixed-
interval (FI) 5-min schedule (St. Claire-Smith, 1979b). The
generality of the effect is further illustrated by Hall"s (1982)
finding that a response-contingent stimulus correlated with reinforce-
ment was effective in lowering the rate of food-reinforced pecking in
pigeons. And even more recently Tarpy, Roberts, Lea and Midgley
(1984) reported evidence suggesting that the same effect is found

""Nibh rats rewarded on an FIl schedule.

Pearce and Hall (1978) interpreted their results in the context
of the proposal (Holies, 1972; Mackintosh, 1974, pp.206-207) that
instrumental learning involves the formation of response-stimulus
associations. They proposed that the effect was analogous to a
finding frequently obtained in classical conditioning. Wagner

(1969), for example, found that if two stimuli are reinforced in
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compound but on®© is made a less reliable or valid predictor of
reinforcement, then less conditioning occurs to that stimulus than

if it had received the same reinforcement correlation on its own.

The more valid one is said to "overshadow" the less valid one.

P63tce and Hall (1978) argued that the lower rate of responding found
when the brief stimulus was correlated with reinforcement could be
attributed to an overshadowing effect. The stimulus was always
followed by food and therefore became a better predictor of reinforce-
ment than responses, many of which were not reinforced. The
stimulus-reinforcer association was said to overshadow the response-

reinforcer association.

An analysis in terms of the relative predictiveness of stimuli is
capable of explaining why the interference effects of brief stimuli
found by Pearce and Hall (1978) and others did not occur in the
studies carried out by Lieberman et al. (1979) and Thomas et al.
(1983). In the former experiments the stimulus is a better predictor
of reinforcement than the response it followed. On the other hand,
in the marking experiments by Lieberman and his colleagues, a correct
response is a more valid predictor of reinforcement. Correct choices
are always reinforced whereas markers follow both correct and

incorrect choices.

However, this account of why response-contingent stimuli interfere
with learning in some studies but not in others is not supported by
the results of invisible-trial marking experiments (Experiments 9 and
11; Lieberman, personal communications, September 1983, January 1984).
In these experiments the marker was a much more reliable predictor of
reinforcement than a correct response, but nonetheless learning was

facilitated in marked-same groups relative to controls.
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In summary then, Pearce and Hall"s (1978) overshadowing results
and marking can be reconciled if it iIs assumed that an immediate
effect of the marker is to reduce processing of the response (as
suggested by Wagner®s model), but that with further time processing

of the response is actually increased.

However, the generality of the response overshadowing effect has
recently been challenged by the finding that it does not occur with VR
schedules, Roberts, Tarpy and Lea (1984) and Tarpy, Lea and Midgley
(1983) found no difference between a condition where the response-
contingent stimulus was correlated with food on a VR schedule and one
in which the stimulus randomly followed responses. Neither relative
validity nor processing time can account for the difference between
effects obtained using VI and VR schedules. In both schedules the
relative validity of the response and the stimulus as predictors of
reinforcement is the same. Similarly, the temporal relationship

between response, stimulus and reinforcer is identical in each schedule.

In order to explain the discrepancy between VI and VR, Roberts
et al. (1984, p.254) have suggested that the correlated stimulus
"highlights the reinforcement contingencies by making the temporal

interval offset on an interval schedule of reward more salient".?

Roberts et al. (1984) also interpret their results as indicating
that subjects in the correlated-stimulus condition had developed
"a better knowledge of the two causality sources of reward (time
elapse and responding)". They claim that this knowledge is reflected
in the lower response rate by correlated subjects, which economise
on their expenditure of energy without sacrificing rewards. Although
this analysis might make sense in the context of food reinforcement,
it seems difficult to apply it to the punishment results reported by
St. Claire-Smith (1979b). He found that a stimulus preferentially
correlated with shock reduced the extent to which punishment suppressed
the rate of responding. IT one effect of the stimulus was to
improve the subjects®™ knowledge of the contingencies of reinforcement
as Roberts et al. (1984) claim, it seems unlikely that subjects
punished for lever pressing would continue to do so at a higher rate
than those for which shock is not preceded by a brief stimulus.
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In some ways an interpretation of this kinci is attractive from a
marking perspective as it can be viewed as an extension of marking
rather than a challenge to it. The process responsible for making
the interval more salient could be marking. It should be noted,
however, that the temporal-interval salience interpretation cannot
explain the invisible-trials marking results. Although application
of the analysis to the invisible-trials procedure is complicated by
the fact that the marker is not completely correlated with food, the
marker should nonetheless still enhance the salience of temporal
interval offset. One might therefore expect a lowering of response
rate relative to a control condition without markers. Moreover,
whatever predictions are derived from Roberts et al."s (1984) analysis,
they should presumably have the same implications for the marked-same
and marked-different groups. But there is clear evidence from
Experiments 9 and 11 that, one, the marker does not reduce response
rate and, two, the behaviour of the marked-same and marked-different
groups differs.! Therefore marking of responses clearly occurs and

if marking of time does take place, then it is a supplementary process.

The picture that emerges from this survey of studies of the effect
of following responses with brief stimuli, is complicated. In some
situations such stimuli have been found to facilitate learning (for
example. Experiments 9 and 11), in others to make no difference to
performance (Tarpy et al., 1983, Experiments 1, 3 and 4; Roberts et
al., 1984, Experiment 3), and in a third group, to interfere with

It might be interesting to examine the effects of adding additional
response-contingent stimuli to the correlated VI condition of the
overshadowing experiments in such a way as to make the condition

more similar to the invisible-trials marking procedure and thereby
allow a more direct comparison.
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learning (Hall, 1982; Pearce and Hall, 1978; Roberts et al., 1984,
Experiments 1 and 2; St, Claire-Smith, 1979a, 1979b; Tarpy et al.,
1983, Experiment 2, 1984). Neither the response overshadowing analysis
offered by Pearce and Hall (1978) to account for their results, nor

the temporal interval salience alternative proposed by Roberts et al.
(1984) can explain the facilitation of learning found in Experiments

9 and 11. The marliing hypothesis appears to offer the only satis-

factory explanation for this enhancement of learning.

On the other hand, if marking is to account for the results
presented by Pearce and Hall (1978), etc. and by Tarpy and his
colleagues, then the hypothesis needs to be supplemented. Perhaps
this could be done by adding an assumption that marking requires time
without the presentation of other events such as a reinforcer. An
additional possibility is that marking of time intervals can occur as

well as responses.

In order to obtain a more complete picture of the effects of
~tief stimuli upon learning and, one hopes, a better understanding of
the processes involved, it would be valuable to investigate the
processing time and relative validity factors using designs like those
in the marking studies. The relative validity of the marker and the
response could be varied, as could the timing of the response-marker-

reinforcer sequence.
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5.8 MARKING AND DELAYED MATCHING-TO-SAMPLE

Another area in which the addition of stimuli has been found to
interfere with learning is delayed matching-to-sample (DMTS) in both
pigeons (Cook, 1980; Grant and Roberts, 1976; Maki, 1979; Roberts
and Grant, 1978; Tranberg and Rilling, 1980) and monkeys (O"Amato and
O"Neill, 1971; Worsham and D"Amato, 1973). In delayed matching with
pigeons a three-key chamber is normally used, and the sample stimulus
is presented on the centre key. After the sample has been available
for a few seconds, the key is darkened and a delay interval follows.
The comparison stimuli are then presented on the side keys and a
response to the stimulus that matches the sample is reinforced. If
an additional stimulus is interpolated during the delay interval, then

the accuracy of matching performance is reduced.

A number of researchers have suggested that the interference
effects they have found are at least consistent with Wagner®s (1976,
1978, 1981) rehearsal model (Cook, 1980; Grant and Roberts, 1976;
Roberts, 1980; Roberts and Grant, 1978). The interpolated stimulus
is seen as disrupting the rehearsal of the sample and displacing it
from a limited-capacity short-term memory. Some doubts can be raised
about the extent to which Wagner®s model completely fits the data -
for example. Grant and Roberts (1976) found that novel interpolated
stimuli were no more disruptive than familiar ones (see also,

Tranberg and Rilling, 1980) - but nonetheless, the results are broadly

in line with the model.

The interference effect of the additional stimuli in DMTS is
contrary to what one might have expected in the light of the marking
hypothesis. A marking analysis might predict that the interpolated

stimulus at least in so far as it follows the sample, immediately
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would initiate a backward search through memory. This search would
identify the sample stimulus as the predictive cue and therefore mark
it. Thus, when the comparison stimuli are presented, the sample
stimulus should be more memorable than in a control condition where

the centre key was simxalydarkened during the delay interval. (Although
the darkening of the key following a sample stimulus might also be
expected to generate a backward search, one would anticipate a stronger
effect with the more salient stimuli used as interpolated events).

One way to approach this disparity between facilitatory predictions
which can be derived from a marking analysis and the interference
effect obtained, is to examine the DMTS procedure carefully in order

to identify potentially important differences to marking experiments.
To avoid the complications of cross-species comparisons this

discussion will focus on DMTS and marking experiments that have used

pigeons as subjects.

One general difference between the two types of studies is in the
duration of the additional stimulus. In Experiments 9 to 11, for
example, the marker was a 1-sec change in key illumination, whereas
in most DMTS work the interpolated stimulus filled the entire delay
interval. A brief "flash” of a marker may be more effective.

However, that this is not a crucial difference is shown by Roberts

and Grant (1978, Experiment 2) who varied the length of the interpola-
ted stimulus from 1 to 8 sec. Although the level of a disruption

was significantly lower with the 1 sec stimulus, the effect was

nonetheless one of interference.

A second possibility is that the type of stimulus used deter-
mines the nature of its effect. The invisible-trials marking

experiments reported in this thesis involved a change in key
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illumination to white for 1 sec. In the majority of DMTS studies

the onset or offset of the houselight has been used as the interpolated
event. However, two pieces of evidence suggest that this difference
is not responsible for the divergence in effects. The first is that
when houselight offset was used as a marker in Experiments 5 and 6,

the marked groups®™ performance was slightly (though not significantly)
better than the control groups-. No interference effect was found.
The second result of importance for the present comparison is Grant

and Roberts (1976) finding that interference is obtained when a
white-on-black pattern is used as the interpolated stimulus. Although
this pattern is clearly not the same as the white marker adopted in
Experiments 9 to 11, these results certainly strongly suggest that

the type of stimulus used iIn DMTS and marking experiments is not

responsible for the different effects found.

A third alternative is the two sets of studies involve a crucial
dissimilarity of procedure in terms of the response keys that are used.
The marking experiments reported here all involved a single key which
was split in half. The majority of DMTS studies used the centre key
for the presentation of the sample and the side keys for the
comparison stimuli. This difference might be significant in some way.
This interpretation, however, is not supported by the results of an

experiment by Tranberg and Rilling (1980) employing a successive

DMTS task. Both sample and comparison stimuli were presented on the
same key. The sample was given Ffirst, a delay followed, and then a
single comparison stimulus was presented. Reinforcement was made

available after the comparison if it matched the sample, but not if
it was different from the sample. Responding during matching and non-

matching comparison stimuli relative to baseline responding was used
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to assess performance. Tranberg and Rilling (1980) found inter-
ference effects using this successive DMTS procedure similar to those

obtained with the more popular, two-choice DMTS task.

A fourth, and possibly more important difference is that in the
marking studies choice responses were followed by an additional
stimulus, whereas in all but one of the pigeon DMTS experiments
mentioned above the interpolated event followed the sample stimulus.
Thus, although chance pairings of a response to sample and a change to
the interpolated stimulus might have occurred, this contingency was
not programmed. It may be that for some reason marking of responses
is a more powerful process than marking of stimuli. Indirect
support for this view might be derived from Grant"s (1981) proposal
that in DMTS (and other areas) the subject encodes in memory an
MANEAchion to, say, ''‘peck green"™ rather than the physical characteris-
tics of the sample stimulus. However, a difficulty for this analysis

berms of the relative ease of marking stimuli and responses is
raised by Tranberg and Killing®"s (1980) study. in their experiment
the length of presentation of sample stimulus was determined on a FI
5-sec schedule. Thus, the presentation of the interpolated event
always followed immediately after a peck to the sample. Nonetheless

interference was still found.

Although an analysis based on the relative effectiveness of
marking stimuli and responses is not supported by the Tranberg and
Rilling (1980) experiment, it does suggest a way in which many of the
DMTS studies might have been made more difficult by an interpolated
stimulus. In most DMTS procedures the first event of a trial was the
illiimination of the centre key with white light. A response on a

fixed-ratio (FR) 1 schedule produced the sample, the onset of which
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might have marked the peck to the white stimulus. Later when the
sample was replaced by the interpolated stimulus a second scan through
memory might have been initiated which might have identified the
marked response to the white key as the predictive cue rather than

the sample stimulus. In so far as the interpolated event produced a
more effective memory scan than the simple darkening of the key (as

in the control condition), then subjects experiencing an interpolated
event might have been more likely to identify erroneously a peck to

white than control subjects.

A final factor which might be of significance is suggested by the
earlier discussion of the difference between discrete-trial and
invisible-trial marking experiments. It was suggested that marking
may be difficult with a discrete-trial design because of the attention-
attracting properties of discriminative stimulus onset. The DMTS
studies clearly involve a situation closer to that found in discrete-
trial rather than in invisible-trial experiments. It may be that
interference effects are more likely to occur when the attention of

the subject is already at a high level.

What 1is apparent from this discussion is that it is not easy to
identify those factors responsible for the finding that additional
stimuli can sometimes facilitate learning and in other situations
interfere with it. It may be useful to modify the DMTS procedure in
ways which this analysis has suggested would allow a more direct
comparison with marking studies. For instance, the event successfully
used as a marker in Experiments 9 to 11 could be adopted as the inter-
polated event in a DMTS procedure. Another possibility is that the
~eMtnation of the sample stimulus in DMTS could be made response

contingent and also that the sample is no longer preceded by white
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illumination. However the general picture is one which suggests

that a distractor effect is dominant in DMTS situations. it is worth

noting that other investigators have concluded that the processes
involved in discrimination learning and delayed matching may be

different (Maki, 1979; Roberts, 1980, p-.229).

This examination of the relationship between DMTS and marking,

and the earlier discussion of response overshadowing make clear that

hhe field of animal STM is a complicated one. Other areas of research

suchas potentiation (Holland, 1980; Palmerino, Rusiniak and Garcia,

1980; Pearce, Nicholas and Dickinson, 1981) and the effects of inter-

polating a stimulus between a CS and US (Rescorla., 1980) will also

require integration into a model of animal STM. What is apparent from

the experiments reported here is that an additional stimulus can

facilitate learning in some circumstances and that an adequate model

will have to incorporate this phenomenon as well as the interference

effects uncovered elsewhere.
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